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DISCLAIMERS 

The findings in this report are not to be construed as an official Depart- 
ment of the Army position unless so designated bv other authorized 
documents. 

When Government drawings,  specifications,  or other data are used for any 
purpose other than in connection with a definitely related Government pro- 
curement operation,  the U.S.  Government thereby incurs no responsibility 
nor any obligation whatsoever; and the fact that the Government may have 
formulated,  furnished,  or in any way supplied the said drawings,  specifi- 
cations, or other data is not to be regarded by implication or otherwise 
as in any manner licensing the holder or any other person or corporation, 
or conveying any rights or permission,  to manufacture, use,  or sell any 
patented invention that may in any way be related thereto. 

Trade names cited in this report do not constitute an official endorse- 
ment or approval of the use of such commercial hardware or software. 

DISPOSITION INSTRUCTIONS 

Destroy this report when no longer needed.    Do not return it to (he 
originator. 
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Tliis  report was prepared by Bell  Helicopter (.'omjiany,  Uivision 
of Bell Aerospace Corporation, under the terms of Contract 
l)AAJU2-7u-C-üOSJ.    It presents the results of a design trade- 
off study conducted to determine  the operational  cost  impact 
of substantially cxtendinit the ovrrliaul   life of helicopter 
main transmissions. 

The purpose of this contractual effort was to conduct a general 
trade-off study to evaluate the direct operational costs associ- 
ated with increasinfi helicopter transmission time-between-overhaul 
(TBO)   levels into the iOliO- to OOUU-hour range,    this evaluation 
was accoaplishod through deteraination of the cost, availability, 
and performance for tlir.-c distinct  sites of helicopter power 
transmtssiun featurinr, twin-engine inputs of &UU,   ISOO and 4KU() 
horsepower per engine. 

On the basis of overhaul and transportation costs as well as fuel 
cost   in the !IVN theater,  this study showed thai both the 30(H)-bour 
and bOOU-hour TBO design transmissions are cost  effective.    Ihese 
Increased IWi transmission designs were shown to be feasible 
basically through changes In component materials and through com- 
ponent design and Integration techniques. 

The technical managers for this contract were Hetrrt. James Comet 
and kayne A.  Iludgms of the Technology Appl tcac loiit blvisiun. 
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SUMMARY 

This  report   presents   the  results  of a design  tradeoff  study 
conducted   to determine   the operational  cost   impact  of extend- 
ing  the overhaul   life  of  the drive   train components   from  1200 
hours  to  3000  and   6000 hours  on  future  Army heljiopters. 

Pertinent  Army  and   BHC publications were   reviewed   to determine 
Time  Between  Overhauls   (TB0)   limiting   factors. 

An analytical   review was  also made  of a mission profile  study 
conducted  on monitored AH-lG,   Ull-lll,   and   Ull-lC helicopters   in 
Viet  Nam  to determine  an appropriate  usage   rate,   power  spec- 
trum,   and   flight   length  spectrum  for   this   study.     From this 
review,  a  cubic mean  power  requirement  of   65% takeoff  power 
was  established,   and  a   vehicle  utilization   rate  of  50  hours 
per month was   justified. 

The design   tradeoff   study was   imoleniented   through  the  design, 
1 ,   and  analysis  of   three  power   level   transmissions each 
ai ae TBO  levels.     The  transmissions   featured  twin-engine 
direct-drive  configurations  of  two   500-hp,   two  1500-hp,  and 
two USOO-hp  power  level  engines.     Each   transmission was   ini- 
tially designed   for  a   l20G-hour TBO and  was   then modified  as 
required   to  attain  a   3000-hour TBO and  again  for a  6000-hour 
TBO. 

The  relative  effective  costs of   the   three   transmissions as 
affected  by TBO  requirements were   found   to  be: 

Twin   500-HP   Design 

Twin   1500-HP  Design 

TWln U800-HP  Design 

RELATIVE COST 
isee-Hour 3000-|io :r 6000-Hour 

TBO TBO TBO 

1.0 .788 .U50 

1.0 .875 .653 

1.0 .771 .509 
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XXIX Tail   Rotor  Drive  Spiral   Brvrl   t^ar.  Twin 
ISOO  IIP,   l.'OO.   3000.   ami   «,000   TBO IS«« 

XXX »..•>-   C«4rboM   Spiral   Hevrl   C»ar*,   TWln 
(.»OO  UP.   l.'OO,   300r.   am!   6000   ThO       X'tt* 

XXX! Inpul   Spiral   flrvel   c^ar«».   '«»00   HP,   l.'OO. 
3000.   ami  '000 TBO       lii 

XXXII Tail   Roior   t*ive   Spiral   Hevrl   Oar»,   <«H00 
HP.   l.'OO.   3000.   ami   ».000  TBO       loO 

wi v 
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■ r I L    u;.'. ci     iHtvvt    < « a i I'.    ' uMk^tK .elt( a    lit    I t»! a >•    a   »tlllary    Ifivel«- 
(ory   wvr«   •Jesl^ttca   for   .'      «-   K«(v«en   Uvci'a.i   (fiO)   Irvela   of 
(•p|>roill»a(«ly   ) .'00  hgura,   but    Oftvlt   c»!  Ibll   Hoi    fi*0   Hclwcett 
lt»*ovaia   (Mfhtt'   of   *0'.  (o   lO'.   of    l'.  • a    r«o  ot>Je<llve r»>e    l«- 
prOV4tJ   o;.-c( a< ioi.al    i i»|<4b I I t'. 1V a    of     Ucoc    l>« I i i 0|>l Cf e    over 
prior    "Oilclo    tit    .<oc   were    in   t*orl    l»J»lc-Ttvct\«c<!   ll ro»^'     <'<e    -«ae 
Of     loW'Wvi^M     . ir-;.«).c'.1 a |n    a -  •■ L c . i ■   p.      reiiute*!    Mr.r-    ■:,     i( 
wo.>l>!   j|»l>«ar    '. .>a<    the   Jeai^nera       » • c    . < oaeit   I l^l<   0|i«rating 
atreaa   li«lta   and   !<ave   aelo<le<!   low-<lene i t y   «uiteriala   u1>l<li 
are   Impairitxt   < ra(>a«iaaicNt ilurttbility  antl   roliabilliy  to  lb« 
eaitettt    Of    iticrpatlng   (de   «u» llit el-.alK 0   tnj|<Jelt. 

flie   j»j|J>oae   of    IMa   report     la    to   (>reaet«l    I lie   reavilta   of    a 
tradeoff    ■(\idy    to   evaluate    I lie   Oper at t Ott a 1    tOat    of    ill :■ reaa 1 tig 
lielt>opter    t ranwttlaaio«-.   ayate«   TfiO   l«vela    into   the    )0 X) -   to 
» 1     l   ■! i>    r     t a1.£c 1"!  I a    cv al  jat 5 o!     vaa    a< i «ft J.l i a! e.!     t ■ I u -g!       'r • 
t ertkitiat ioti   of    '     r    overhaul    life   effect    (Mi   (Oat.    availability 
and   performance   for   three   dial(net   aluea   of   lelicopter   pover 
t ranatkl aaiona    fej-    i.-r;   t v in-el-.g Ine    :•.;.•=   of   total    inalalle-'! 
lorae|>Over   valjea   of   lOOO.    1000.   and   9fcO0. 

Hie   baalc    paroitketera   influencing   tleai^'*   for   in< reaae<!   THO 
levela   were    Identified   for   theae   ayate»»   fl o»   HHC   and   \i  ■ ,    ex- 
perience   with   «nalyaii of   failure  «odea   of   »Kitting   trat-a« 
«iaaio<.a.       Conventional   dealgn   atleaa-llfe   re I at io«.a!> Ipa   am) 
t hoae  d-tuonatrat eJ  ^y  field  o|>erat ion   rett-jlta  were  correlated, 
ant!   auitable   dosign   te<hnl()je<.  Material   »pec i f i< at iona .   and 
atreaa   allo^ablea   were   deter».ned   for   uae    if.   Ilia   aludy.      Eat! 
Of   theae   three   horaepower   level    ayate-s.a   waa   then   deaigl.ed   with 
ob)eitive   TB0   levela  of   1^00,   3000,   and   60OC  loura.      For   p^r- 
{>oaea   Of    lOMparalive   ioat    aftalyala,    the   aaau^ptlon   Waa   «ade 
that    theae   ayalewa   are   operated   In   the   BV^   theater.      nia   .ia- 
a^kption.    il.   turn,    ealabliahed   the    turnaround   ahipping   coat a. 
fligtil   «iaaiot.   aj.r   <r.>.   and  on-nite   fuel   coata   uaed   in  «altu- 
lat it.(!   the    iraliMiiltion   Overhaul   dollar   <oat    jM-r    flight    hour    • 
the   haaia   Of    the    ' Oa I-e f I e < t i veltea a   de t eMkihat ion , 



f1>e   t>rut>uoe.:    I raHo^l a = . ..:.   i Mif if Mfal i(i«o    for    I !>e   VUlffttUtftl   IHo 
alu.Jy   wer«   (>r«>li< al0<l   Oh   high   rrliobllily   m|4ilr<»cilo   WtiUh 
•liclale   ll>e   uoe   of    a   IwiO-en^ iltc    lltel D I I ot 1 Uli,       K^< l>    ';   .  .- 
• iaaluti    la    >!|'ive<>   •lirctly    fru»   twill   eltfiltca    uf    I lie    re<|vii|e>) 
l'ur«e|*uw«r    for    •«»« h   «{«c   level,      Tl>e   . ot.r i jf il a« i ..• a   were    ! ii 
(ler   leal« i> <e>)   lo   he I t • opt er •   W t Mi   one   «M I :>   rotor   otxl   alt 
4i.ll(or<]^e   I «all»    rotor.      fix*   e.O|*e   of    lie    a I  ti'.y    ih<lw<!ei!   mvt • 
flilc  ■    l>orar|>ower    ratine   to   el-(0»|<c*aa    light ,    *e.. I >•   alt«)   heavy 
i>el i< opter» i      twin  eii^iiic   Inpoi   at    *»00  ii|>  per   engtnr.   I VC'O  ! p 
|>c r    eft^ilte.    al-ti    ««OO   lv|i   per   el>£llke flic    a|*oe<i    ralife   waa    alao 
t hoaeit   to   bruatlly   em o*|*aaa   preaelil    Ivjrbilie    e!>a!l   output    o|>cc.!a 
..: .!   ant li IpitleJ    i..at.   r.l      c      -ulu^y   engln*    < ATK      a|>ve>!a :       6000 
rp»   to   .'li.OOO   rpm,       Tt>e   rollowitif   parafhetera   were   gae<s    ih   the 
tlree    ! urari owc-f    level    <!eoljtHat 

PartXfcctgr I at .'tui 1r«) 

Bngln»« ,'  9  S00 hp       ,'  s  IS00 hp 1  s USOO  hp 
(S  tiOCC  rp»       «   .'i«.POO  rt»»       a 9000  rp* 

rr«nt.   lutio I'. (»: I 96:1 60:1 

Tralia.    Uralgit   Id» 66 7 .'COO 6(t00 

Hain  Rotor   am J«.0 ;S0 IOC 

Tail   Rotor   HP lOH ,>7) ««0 

fail   Rotor  RfM 1600 1100 6^0 

Oro»»  Weight V*00 16.000 SO.000 

Antilorqvie l]|<<9 I9t7l 23:63 
Tral a .    Rat lo 

Tt>e   tall    rotor   horaepower    liate<)   above   Was   <)orive<l   tro«   Fi|fure 
I,   Wliith   .jjes.rtfcea    a    a t r a iff l>t - I llic   re I at iottali i p   between   «Milt 
rotor   horae(«over   aluJ   letj.iiir«;   tail    rotor   horsepower.      TVa 
pointa.   Oli-SSA   and   Alt*lC,   were   \t*vJ   to   jfelterale   the   line.      No 
altalyaia   Waa   «a<le   of    tie   relative   rotor    nolidlty,   »aln    rotor 
power   i .■.:.< r : .   or   atttiiort)ue  rotor  |K>w«r   require«!  aa   influ- 
ence«)   by   nine   an<l   pover   rang».      Via   idealisation   in  no  way 
tletratta    fro«   the    reaulta   of    the    atudy;    lite    tail   rotor   «irive 
ayate«   «an   be   aitfe«!   for   any   |»ower   level    to  Mel   atlual   require- 
«ent■ . 
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;trai^ll    itiwcl     <»))<! i (  i <*t. a    for    < l.c    c • ( cU.ic"     I j J c-    I I .>lia<t> ■ a a i ulta 

at«   ! xnci    .lei tvc<!   frtM   re« ur>lr<l   fti^M    l...i;   o|>r< \r*   obl<iln»iJ 
on Aii-tti,   UH-lO.   und   Ult-tll iiet i< opirra   In   Ih»   MVN  ihraier. 
ff c   (Idid   .•< <| 1 i a ■ t i i>!.    .11   !    rtxla« I iutt   oyolr«*«   .»««■   ilr«• r 1 lir>l   ill   .• 
tl ■      re|>ort    (HrfcrFlxr    I).        ri>r    icail    a    of    (■•la    |>l •>(.'I .><>>   wr I r 
|.|ceri>lc.!    11»   l< i a I U|i f a*a   ut    fllgl.l    «Mlteuvcr    lo.».Ja.    eti|!ilic   ,...-.< 
•jiiv   ruiur   ri«,   dliK^xlr,   ttttd   rll^lii    -:;.<-<■-   for   ihr  idrer 
«MxJrla   «rltl ioitr<l .       lit   or«lr|    uf    arvrrtly.    11    Wan   •Irfihitcly 
«Ixtwn   dial   the   AH-lii   r^iiknl   hl|he«l    (n   ituwvr   1 «•■;.. 1 •-<-•■■: ,   g» 
Ina.la.    .it..!   fllj?'-«    a(.cc.l        Oubii    »ran   power   rei|iilre«rn( a   were 
•icriveil   tro«   (l>e   AH-lo   |>ower   1 ialuj.-i..-    .%■   :   uar<l   aa   a   !..■=••    line 
for   ealaltH »liilti;    (he   eM(eli<lri|   fHO   I r alia« I a a 1 oft   ileai|tn   |>«wrr. 
Mc   Al(-l(i wo»   »itri t r it ol ly   t lioaen   aii.c-    i(    ;.«.>•.. r!   «onaerva- 
live   («ore   «(ringenit   d««ign  re<|gire«en( a   on   (tie   enleiuleit   fHO 
(raii»«i»aion,      A     .^r;.i< .=..,.  of   (he  operational   (»ower  ilata  of 
the  AM-lC.   UH-IC.   ami   Uit-IH   ia   (abula(e<t   belowt 

'...!-. I 
Avvrng« (•.f-.'..r r„wri Hiliiary 

Kowvr I'ower Available C.W. 
(Uf) (Hf) (Hf) (Ut) 

79i I.'SO l<*00 IVX) 

UlMC W.2 1100 1100 «V)0 

UH-IH 611 U'W l«.00 'ibOO 

Aa   a  reaull   of   'he   cubic   »ean  power  exhlbKeJ   by   (he  AII-lC 
(Figure   ,')  coapared   to  the  normal   rated   power   (B.'7. l,'S0 • 
2/3),   a iJeaign   factor ot   6^. waa  e»tabli»hed   for   bearinK   '*■■ 
• Ign. 

«time   the   Input   »ret ion»  of  «act.   tran»«l»»ion «ay  be   required 
to  traiiwvlt   full   engine   power   In   the  event   of   •ingle-engine 
operation,   (he  design  power   1*  full  engine   power  available. 
."•.= .   it   the  event   of   an  engine   failure,   the   reaainlng   engine 
would   »ustaln  adequate   power   to   the  «aln   rotor  -.»a1..     The  nor- 
«al  operating  condition,   l^owever,  wbercin  both  engine»  are 
functional,   would  not   require   the   full   power  available   fro« 
each engine:   nor would   tbi»  be dealrable.     The  belicopter  de- 
sign  gro»»  weight   »ust   be within   the   capability  of   a   »ingle 
engine   to  •u»taln   flight.     Thi»  would   preclude   the  u»e of  on 
engine/gro»»  weight   conbinatlon  that   would   re»ult   in exce»»lve 
lo»» of   flight   capability   in  the  event   of   4   »Ingle-engine 
failure,   »ime   SO!, power   1»  generally not   »ufflclent   to clisb 
at   full  groe» weight.     Therefore,   the actual  ««in  rotor Je»lgn 
power  1» eiitablished  a»  two-third» of   twln>engine  power,   thu» 
providing   "''. of   thi»  power   to the *<iin  rotor   In  the event  of 
»ingle-engine   failure.     Ttii»   1» adequate   to   »uataln   flight 
within a  reetricted  but   »afe maneuver envelope. 
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I!.-   foHuwlug  tleiiitMt   parcttnci t* ita  WIT»   ••:. I .ii«l I ■>! .-.i: 

I.     Qttar  OD» iw\ 

A.     Inpul   ^'t-.u ^  ar*  dviigntd wlili yj'  < onf idence of 
9,).^'. rel iatii I i i y   In bending  fatigue  «nul   5'. proba- 
bility    Ot    pltliltg     tOr    ^ II4.' li- -l-l;^ 1 !.•- l-.l   . 

H.     ri.n . t 11 >■   ^•-.ii •=   are   'UT, l^n.-.i   tor   tlie   namv   nlalin- 
tiial   r«ll<tbi I i i ie« at   two-iliiniM  twin-engine 
fair«)   |>owi»r. 

,'.     Br.iritit;   l>«?Blh'i» 

Ii\piji   lu-..i Mi^'n   arc  «lenlRned  for  a   B,0   life I 

A.     ,'700  hour»   al   (»5".  takeoff   (T.O.)   power   lor  a   1200- 
liour  THO  t raoHwi MM ion. 

B. S000 liour«  al   65*. T.O.   power   tor  .1   3000-liour TBO 
1 rait»mi »»ion. 

C. 7500  hour»  at   '»S'. T.O.   power   for  a   <.00C-hour TBO 
t ran»aiiH»loii. 

All  oil>er  bearlnK* n>u»t  have  »Imilar   lives,   but   at 
♦iS". x   two-ltiinl»   iwin-en(;ine   power. 

A  12'» over|>ower   requirement   is   Imposed   for  design of 
gear»  and  bearings   in   the  3000- and  6000-hour  gear- 
boxes   in  excess   of  power  required  on   tin*   1200-hour TBO 
transmission.     This  additl9nal   power   requirement   Is 
derived   from  the   power  spectrum exhibited   by   the  All-lG 
neliiopler   (Reference   I)   In  the  RVN  theater,   wherein 
operation  at   powers  above T.O.   rating  was   recorded. 
Rated  englr.e   power   for   the AH-lC   Is   lUOO  lip maximum 
and   USO normal   rated   power with   a  transmission  rating 
of   1100 hp.     The  AH-lG actually  attained  some   flight 
t ime  al   power  up   to   IU00 hp. 

Since   the   power  available   for   twin-engine  design   is 
above  normal   T.O.   ratings,   as with   the  AH-lG.   it   is 
anli( ipated   that   a  portion of   that   oowcr  will   occasion- 
ally  be  used.     The   proportionality   factor,   1.12,   is 
derived   from  the   normal   rated  engine   power and  avail- 
able   power  of   the  AII-10: 

Power   Availablc _   lUQO 
Normal   Rated  Power   "  TTSS- 112" 



3,     Ulilizutlon  rate  of   50  CLlght hours  per month was 
chosen. 

U,     The deHlgn of bearings   to withstand  3000 nnd  6000 
hours of operation  at  a  preset power  Level must  en- 
tail a statistical   rate  of  failure,  which   results   In 
"premature"  removal due  to  fatigue  failure   In  less 
than  the  TBO period.     In order  to reduce  the number of 
predicted  failures,   the   life  requirement,   and  hence 
size and/or complexity  of  the bearing  (and  gear),   i« 
increased above  the TBO.    Hence,  a reasonable stati»- 
tiral   failure   rate with  adequate  confidence   level mus 
be  chosen that will not  overly burden the  transmission 
with weight  or cost.     For  this  reason,  suitable  fail- 
ure rates were  chosen as  3% of  the  1200-hour TBO 
transmission,   5% for   the  3000-hour TBO transmission, 
and 8"o for  the  6000-hour TBO transmission.     These 
choices of statistical  percentage of  failures  result 
in  required design  Bio  lives of  2720 hours   for  the 
1200-hour TBO transmission,   5000 hours  for  the  3000- 
hour TBO transmission,   and  7500 hours  for  the  6000- 
hour TBO transmission.     The  target design  lives  thus 
established afford  reasonable statistical  reliability 
while preventing  excessively difficult  design specifi- 
cations. 

Under Identical  power conditions,  the  probability of a 
bearing's attaining a  low predicted  life  is much  less 
than the  probability of attaining a high  predicted 
life.    This  is  shown subsequently where  the generic 
failure  rate drops  for  increasing TBO,   but  the  basic 
Bio life  requirements  are higher  for extended TBO. 

GEAR   DESIGN 

In general, there are fcur fundamental failure modes for gear 
teeth. These are considered to be mechanical wear, breakage 
(impact or bending fatigue), pitting or spalling, and scoring 
or scuffing. 

The first, simple wear, is generally abrasive in nature and, 
under conditions of proper protective environment, exists only 
in relatively soft materials and very low pitch-line veloci- 
ties.  For helicopter transmission system design, the use of 
hardened (Re 58 min) gears and pitch-line velocities in excess 

I of 1000 ft/min completely eliminates failure from simple me- 
chanical wear. 

Tooth breakage, the second mode of failure, is most generally 
related to the basic material endurance strength; impact 

mmm «a^.a... .-,.,. ».JJ,,-^.^...,,, .-„.;.. iiiiiYriiiniiia 
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sufficient   to produce  brittle   failure  is not  generally   found 
in  relatively high-compliance  mechanical drives   such  as   found 
in   helicopter  systems.     Tu  practice,   today's  limiting - • sign 
loads   tend  to be  fixed  by  pitting and  scoring phenomena.     At 
such   load   levels,   helicopter  transmissicn BOiir and  helical 
spur  gears  can be designed  and manufactured with      '.:h   accuracy 
and  control  that bending  failure  rarely,   if ever,   -iCi^urs.     As 
an example  of  this  fact,   over   12,000 IJH-1  transmifisior.   f■■,■-,i.'itus 
have   been  built,   containing well over  200,000 spur ,^t jrs ,   .;rxi 
in  all  units  returned  for overhaul,  not  one  i-vsta.'.-t   '»f   tooth 
breakage  has  been   observed   (Reference  2).     However,   tnis   is  not 
entirely  the  case  with regard   to spir,-/!.  vii/el  gears.     Spiral 
bevel  gears,   as manufactured  on current  machine  tools,   have  inher- 
ently  inferior root   fillet   ;-;e oidr try,   resulting in  higher stress 
concentration  and  gr'jatc-v   tolerance  variation  in  root   fillet- 
radii when comoeü-vd with coii'/eniional  spur and helical  gears. 

For  th'-_'i.^   reasons,  coupled with  the  observation that  spiral 
bcv£l  j^sars will generally exhibit  greater  pitting  life   than 
apur gears   under equal  load   intensity,  design loads  are  more 
often  than not  limited by  tooth breakage.     The AGMA spur bend- 
ing  stress  calculation method  and  the  Gleason Works  hypoid  and 
bevel  stress method   (bo;h  computerized  at  BMC)  art  adequate 
design  tools  to obtain wholly  reliable  service operation. 

Pitting  failure  phenomena  cannot  be  discussed apart   from the 
scoring and  lubrication  distress  failure modes.     In  cl.^.sical 
gear  design practices,   the  pitting  life  of gear.,   is  rel »tP'J  to 
the  Hertzian contact  stress  by  the   inverse ninfr.-power   law 
much  as   in antifriction bearing   life  thpiry.     In this  approach, 
the  basic material  endurance  or  r^riacitv Lz proportional  to 
its macroscopic hardness   and   further  related  to  specific  chem- 
istry,  nonwetallic  inclus <yn  «ize and  frequency,  grain orien- 
tation,  and  residua^  stress  field  (Reference 3). 

In     "is  8eus.v,   the  pitting defined   is  essentially pitch-line 
or   roj-ling-contact fatigue.     More often than not,  however, 
ocher pitting or spalling modes give more  trouble  in helicopter 
transmissions.     Scoring,  discussed   in depth  later,   can  lead 
directly to pitting if the  severity  is of sufficient magnitude. 
The  scored areas are surrounded with  untempered,   rehardened 
(mass  quenched) martensite,  while the  primary scored  area may 
be  in a relatively soft tempered or annealed state.     Repeated 
stressings will lead  to progressive  crack propagation  from the 
rehardened interface until severe pitting occurs.    The  second 
alternate mode  is generally  termed case crushing.     The  gear 
face  develops  severe  longitudinal  and  transverse  cracks,  which 
yield   to  formation of large  pits or spalls.     This   is  simply 
attributed  to  insufficient  case depth  to support the  sub- 
surface  shear stress envelope beneath the Hertzian contact 
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band.  The final pitting mode is usually the most frequent in 
spur gears operating in synthetic lubricants such as MIL-L- 
7808 oil at relatively modest pitch-line velocities.  It may 
be treated as an interrelation between elastohydrodynamic 
lubricant film thickness and tooth surface roughness.  The 
origin of such pits is on the surface at severe asperity con- 
tact locations, generally on the driver dedendum at the loca- 
tion of the first point of single tooth contact.  The exfolia- 
tion progresses in a fan-like shape, broadening and deepening 
in the direction of sliding (often undermining large sections 
with subsurface cracks) until large pits or spalls are evi- 
denced. This reduction in normt 1 pitting life due to thin- 
film lubrication effects has been treated extensively in Ref- 
erence 3. This type of pitting accounts for 90%  of the pri- 
mary failures observed in closed-circuit overhaul of UH-1 
transmission systems (Reference 2). 

Successfu1- operation of a properly designed set of gears is 
finally dependent upon the uniform axial and controlled pro- 
file distribution of normal tooth loads and the interdependent 
conditions of lubrication.  Assuming that proper alignment is 
achieved at the design power deflection condition, the first 
point of contact occurs at the tip (O.D.) of the driven gear, 
and contact progresses down the profile until the tooth goes 
out of action at the driven gear flank.  The driven gear tooth 
assumes a certain amount of the transmitted load immediately 
upon contact.  This load can range from near zero to several 
times the single tooth transmitted load.  Since the teeth are 
cantilevered beams acting under an elastic loading condition, 
there is a calculable amount of deflection present. The pair 
of teeth just preceding the set that is about to contact at 
the driven gear tip will be deflected such that the net effect 
will be felt as an index error at the first point of contact. 
If no attempt is made to relieve this index error, a direct 
overload will occur.  By proper analysis and design, this 
"mis-indexing" can be eliminated. This generally is accom- 
plished by modifying, or relieving, the tooth profile at the 
driven gear tip an amount that will be equal to, or slightly 
less than, the deflection of the pair of preceding teeth. A 
similar condition of deflection and modification must also 
exist at the last point of contact, to prevent an overload 
condition as the teeth go out of action. 

There are several types of distress that can occur as an ul- 
timate result of improper tip and flank relief in a heavily 
loaded set of gears.  Generally, the initial distress is 
scoring which may rapidly progress to destruction of the 
critical profile shape, leading ultimately to premature pit- 
ting, if the load, lubrication, and speed conditions are suf- 
ficiently severe.  Scoring may be evidenced as bright-polished 
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radial grooves at the tips and flanks of the teeth, caused by 
direct metal-to-metal contact in conjunction with the swiping 
action present at the gear tooth extremities. 

Although the exact physics of definition remain the source of 
much debate, scoring may certainly be attributed to a pro- 
gressively increasing contact temperature generated by high- 
relative-sliding, high-unit-load, gear tooth geometry, and 
constant metallic contact of sufficient energy density to 
reach the surface liquification temperature of approximately 
29000F.  The ability to transmit high torque loads is con- 
tingent upon maintenance of a fil.n of lubricant within the 
contact area that is of sufficient depth to prevent progres- 
sive harsh asper?.ty contact between the conjugate surfaces 
and limit the surface energy density to less than critical 
values.  Providing there are no asperity contacts, or infre- 
quent contacts, the lubricant temperature in the contact area 
will stabilize and no distress will occur.  However, if the 
speed, lubricant type, and transmitted load are combined so 
that incipient scoring occurs before temperature stability is 
attained, then scoring distress is imminent.  The design of a 
successfully operable gear set would then dictate that an ade- 
quate lubricant film relative to the surface roughness values 
of the operating teeth be maintained under all conditions of 
operation within the design power envelope. 

Definition of adequate film thickness roust, of course, con- 
sider the fact that the total system of lubricant - gear metal 
reaction in the so-called EP additives can grossly influence 
apparent critical film thickness ratios.  Lubricant film thick- 
ness is interdependent with coefficient of friction; in the 
thick film lubrication region, an increase in temperatur > de- 
creases coefficient of friction.  Thus, the efficiency in- 
creases with lubricant temperature. However, an increase in 
temperature is accomplished by a decrease in lubricant vis- 
cosity and film thickness.  If progressive asperity contacts 
occur, the coefficient of friction will increase and the tem- 
perature will not stabilize.  Scoring will then result (Ref- 
erence 4). Whether or not this metallic contact is an abrupt 
result of collapse of the lubricant film at some intrinsic 
"critical temperature" of the lubricant is an unsettled ques- 
tion in today's gearing technology. 

The analytical tools at hand, while not completely general in 
nature, are quite adequate for engineering design work when 
based upon extensive experience.  For operation in mildly 
reactive lubricants, such as MIL-L-7808 with the case carbur- 
ized and nitrided gear steel used in this design, such exper- 
ience is available.  The stress levels to which such gear 
teeth can be loaded and still successfully operate for 
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rpqulsltp iime  intervals have been determined by extenaive 
lesting of  the t'll-l   l r.msniiHsion.     Bused on  the   tern   rcHiiltN 
and will)  an   (ntlnuite knowliMl^o of   tin* oporatinp;   load«  and en- 
vironment,  a   theoretical  unalysls  lias been «levise«!  that  will 
satisfactorily  predict   t tie   instant aneous  stresses   and   loads  ol 
.1   piven  Rear   set.     With   tbe   theoretical   analysis   as   a  design 
tool   and  with  knowledge  gained   through experience  as  a   guide, 
a  highly  reliable  transmission  system can  be designed  and 
manufactured,   with  a  minimum  development   cycle.     The   extended- 
lite   transmissions  have   been   designed  to   these   known  operating 
limits   and   represent   a   reasonable   approach   to   the   existent 
state   of   the   art. 

SPIRAL   BEVKL GEAR  DKSICN 

The   input   spiral  bevel  gears   in each   transmission  were  de- 
signed  with   the aid  of  a  Gleason Company computer  program. 
Three main design  features  were carefully considered   in   the 
bevel  gear analysis:     safe  gear operating  stresses  consistent 
with  the  high-speed  application,   shaft mounting  configuration, 
and   imposed  bearing  loads. 

Safe  operating  stresses  are  essential  to successful   long-life 
operation of   the  bevel   teeth.     It   is   recognized   that   the  high 
pitch   line  velocity  (> 10,000  feet   per minute)  of  the   twin 
1500  and   twin  ^800  transmission input  pinions  aggravates   the 
operating  stresses  due   to  any dynamic  tooth   loading  condition 
that  exists   in the  teeth.     In order   to partially offset   the 
dynamic  loading condition  and   to  prevent overstressing,   the 
bevel  gear   teeth were  designed with  a high mismatch  contact 
ratio.     This,   coupled with   relatively low calculated  bending 
stresses,   assures  safe  operation  (Reference   5). 

The mounting  system of  both   the  pinion and   the  gear member 
materially affects  the  operating  stress conditions   in   the 
teeth.     All  bevel gear members  in   the main  power  paths   of  each 
transmission  are  straddle-mounted.     This arrangement   yields 
less  deflection under load   than an  overhung gear mounting and 
provides more  accurate  conjugate  tooth  contact,   thus minimizing 
pattern shift  and  reducing   the  applied design mounting   factor. 
Internal clearances held   in   the  roller bearings  are   relatively 
high  due   to   fail-safe  operation  requirements,   but  the  contact 
patterns are  well developed   through   a deflection  test   program 
to  accommodate  known clearance conditions.     The   inherent   rigid- 
ity of angular contact duplex and   triplex ball bearings mounted 
as  shown also contribute   to   the accuracy and  smooth  operation 
of  the  bevel  gears. 

The  third  item given close  design  consideration   in  the  bevel 
gear analysis was  the  component  loads.    Unnecessarily high 
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I.ill.il    ur    .i»i.il     lO(t<l«    ■    il".    I mil I     r I i«tj    i-|.|..|.rl     nrlr.  «U.I.    Of 
Ihr   i.rli«   angl«   iixi   prvMMiir«   «ingle   tor  tli»  bevel   leetli.     for 
a  Kiveii   «el   of   tooth  number«,   the   titngentlctl   tooth   lo«<l   varien 
only with  pitch,   MO  ••  proper choice  o? helix  «ncl prennure 
<inKlrM   for   the  bevel   teeth   •  •n aininlae  the   reaction   I <•»•!•>  on 
Mr   tfupport   bearing».      Hi»  uniHt ,   of  courite,   be  acco«pl i»he<) 
within   the  contact   ratio   liaitH  diiicuMiiet] earlier.     Variou» 
bevel   gear  configuration»  were   invent igaled,   and   tlte  data   for 
the   final   »elei ted   itetM  are   «hown   In  Appendix   1.     Theke   »et» 
reprenent   opt inum deüignti,   conMldering   the  above   factor». 

O.ir  Hiiterial» 

The material (or all the external gear» IN vacuum arc remelted 
AMS 6265 »teel.  The gear teeth are »electively carburixed to 
an effective CAM depth of .030 to .038 inch.  The «tock re- 
moval after carburizlng 1» .001 to .00h  inch; hence, the 
flnliihed effective ca»e depth 1» ,02*» to .037 inch.  Ca»e 
hardne»« la Re 60-63, and core hardne»» 1» Re 33-41 on the 
finished gear».  The carburizlng procea» (per Bell Proce»» 
Specification FW-<«<«20, Cla»» A) Include» carburizlng, «ub- 
crltlcal annealing, quenching, deep freezing, and tempering. 

The material for the Internal ring gear» 1» vacuum arc remelted 
AMS 6U7S »teel.  The gear teeth are »electlvely nitrlded to an 
effective case depth of .018 to .02<4 Inch.  The stock removal 
allowed after nltrldlng 1» .001 to .005 Inch; hence, the 
finished effective case depth Is .013 to .023 inch.  Case 
hardntrss Is R15 90.0 minimum (on ground surfaces), and core 
hardness Is Re iH-kU  on finished parts. 

The large size of the gear components used In the twin 4800 
probably precludes the attainment of full core properties In 
the AMS 6265 material (governed by section thickness) and full 
strength properties of the AMS 61475 ^governed by low ratio of 
case thickness to section thickness).  If size effects should 
produce degradation In mechanical properties sufficient to 
endanger the extended life design then other materials would 
be considered, such as SAE 8620 or H-ll.  However, In the 
Interest of economy the first choice of materials would be as 
noted above since considerable knowledge of processing exists 
and material cost is relatively low. 

Bearing Design 

The Bio lives shown subsequently were obtained with the aid of 
a high-speed digital computer program.  Bearings operating at 
high rotational speeds have appreciable loads generated in- 
ternally from centrifugal forces and gyroscopic moments, which 
are calculated by the computer program and included in the 
statistical treatment of the load-life relationship (Reference 
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t),      Sintr   ll>«   bvarihK*   =-;.;..(: it-.g   11>«   lh(Mil   txivol   ;.lt>iot.   atxii 
(ear   mhatl»   in   Ibf   (win   1)00   am]   iwiit  («BOO  rolale   al   very   Mgl' 
»|rs   (.•..uco   input   ami 9,000   input,   i co;.«. • ; .c . ,        ■   .    internal 
(»earing   eeoaketry  an«!   aa*o< iate>l  erfett»  of  c-entrifugal   and 
g/ro«ioplt   forte» were given cloae  attention.     nc  ball   «pin. 
roll   axe*   are   greatly   influviueil   by   »poeil-produced   internal 
fone*.   and   rapid   cataat ropblt    failure   tan  occur   if   the   t an- 
trolling   rate   rb«ng»«   at   such  Mg!>   «peed.     Frictional   beat 
taueing   rapid  wear   to  .>      .1   during   «ontrol   tranitition   lead»   to 
aitelerated   failure,      picae   deleteriou«   conditiona  were   pre- 
. luded   by  rhooaing  proper  prcloa«!.   race  curvature«,   and  ton- 
t at t    attglen . 

A concurrent   bevel  gear analyni«  wa»  conducted   to obtain  a 
«piral   bevel   gear  • onfiguration   tbat   produced   tbe   least   bear- 
ing   load*  wbile «uiint ailing  proi>er  contact   ratio*  ai.d  allow- 
able   «tresaee.     Several   arrangeaient •  were   inveetigated   to 
attain  an  optimu« bearing  bevel   gear  balance. 

In deference   to  tbe  bigb-epeed   application,   it   i»  eaaentlal 
that   no dietrea»  appear   in   tb»   bearing»   aince   tbe   rate  of 
failure  progreaeion  ie   too 'ig'   to enaur« detection before 
( ataat roptiic   failure.      ." «•  nor«al   »equence of   event»,   a»  ex- 
perienced win   the Ull-l   tran»ai»»ion bearing»,   1»  to detect   a 
failure,  either audibly or  by nagnet ic chip »en»or.   to  i»ol<«tc 
the   location,   and  to  take corrective  action by  replAcing  a 
quill   or   the   entire  tranemi»»ion a»»e«bly.     However,   with   the 
high-»peed   twin   I'JOO and  twin  <«S00   input»,   the   probability of 
having  »ufticlent   tine  tor detection  and  correction before 
rata»tropbic   failure  occur»   i»   greatly  reduced.     (!oft»equent ly, 
the  need   for  high  reliability   i»   paramount,   and   tbe  CCVM H-S0 
bearing autterial.   a»  u»ed   in   tbe   6000-hour  TBO tran»«i»»ion. 
contribute»   »ignificantly  to   thi»   requirement   (Reference  8). 

Hie   inner   ring»  of   the  ball   bearing»   are   pre»»   fitted   »uffi- 
ciently   to  preclude occurrence of  detrimental   ring  creep and 
tretting   <orro»ion.     Tbe  proper   fit   value»  can  be  calculated 
with  excellent   confidence  by  an experimentally derived method 
developed  by   BHC.     When   the  elaetit   ring»  of duplex  and   tri- 
plex  bearing»   are   interference   fitted,   tbe   inner   raceway»   grow 
diametrally  and   induce   additional   axial   preloading  when   the 
ring»   are   damped   Flurib.     The»e   bearing»  mu»t   be   fabricated 
with   the  proper endNhake  (inner  race   face   intru»ion)   to  »ecure 
the  de» i reel  mounted  preload  at   tbe   high   interference   fit». 
Tbe   »bafting   inaide diameter»   «re   »imilarly  fixed  by  the 
.ii .in   requirement»   in   the   inner  ring»   (at   the determined   fit») 
to produce   tbe  required   interfacial   preseure»   to prevent   creep. 
The   reaulting  mounted  preload   i»  highly  critical   of   tolerance». 
Theretore,   the  AHEC cla»He»  and   »haft   Journal   tolerance»   cboaen 
ituiNt   be   compatible  win    »yatem deaign   requirement a. 
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(Or   !   iiM     ol-cc!    I.olltifo,    th«   er.'cto   of    lubfUatlOlt    at9    nu> l> 
that   •>   -.■i»c'    it . i c.loc   lit   11 r«   i «tit   br   allaiite«!     wlirit   i'OMpal'ol 
IO    oltsllal     i OH'li ( ioita    ..!     low    =..rr.'       ;.l   :-..!::,    due    (U    .   -1  i  : ■   . 
lion   lufl JCU.C   tKeferci.r   7),     (.'lulvr  t l£li-B|>«e>l  t oitdi ( lutta . 
tlie   lubr i t at loit   re|ii««  bet <j»ra   fully  l<yt)ro<)yitaii>l<   «nd   il>e 
reaull lltg   < ul. Juiti : loit   c oniireaal ve   atreaa   alt<l   aubaurface   alroaa 
•le|Mr(    «Mrkeilly   fron   l!<e   ilaaali.il    ttci'/    .»■     atrea-i. . ! ■ . ;  .v 
adeaa   condition«   are   prob.ibly  not   .«M.tlnc.:   even  at   low   a|>ee>l 
will'   boundary    lubrlrat ion,   Wderellt   iractlod   alleaaea   betone 
l»ronov»nt etj   «ut-b   ili<»t   aurta« e   »hear   forcen   contrlbut«   to   ibr 
protlut ( ioit   of   llmilinii   aurfate   and   aubaurfate   alreaara.      Uill> 
full   ■, :i .i ■,•.■• -      ae|>aral ioit   in   (be   con Juitt t iona   t>ro<lut eti   by 
high   afteetl,    I wo   |>l<yaic-al   t hal'Mt (el 1 a I 11 a   (trevail:      the   moving 
t-on)unilion  becomea   ini re.ta in|? ly   aenaliive   to  (he   rat-eway 
aplieritily  or  t yl intlrit i( y wherein   the   rollini; eleti>en(a     till 
the  Mgb   a|>ut a .      aittj   the   peak   aubavirfat e   alreaaea   are  tllmin- 
iahe.!   and  ot t ur  nearer  the   aurface.     The   fomer  i-ondltion i an 
indute   -:.:-':-..-.   then  amearini;  or   acoring  witti  altendent   beat 
geneta(ion,   and   tben  even(ual   aurface   fatigue   failure   or   aei- 
<ure  due   to   loaa   of   geo<ne(ry. 

Tbe   latter  condition can   induce   aurface-lnitlated   fatigue 
apalla,   {M>aaibly   from hydraulic  action   In minor  aurface   imper- 
fectiona,   or   aubaurface-lnit lated   fatigue   apalla   ot  claiialcal 
origin  but   very  near  the   aurface.      In  either  taae,   the   topo- 
logital   undulation«  contribute   to   tbe   failure  probability   if 
allowed   to  become  exceaaive.      lor   theat   reaaona,   the   contacting 
element   aurface   condition«   relating   to  oaculation   and  eape- 
dally wavlnena   require   refinement   an«'   control   to  a much 
higher  degree   than  low-apeed  bearing«.     However,   aurface   finiah 
reejuirementa  actually become  more   aevere   in   low-apeed   bearing 
applicationa.      It   la   alao   recognised   that   the   thin-film,   low- 
apeed   contact«   are   far »ore   a.-naitive   to  chemical   effecta   in 
the   lubrleant-metal   conjunttlod   (Reference  8>. 

AKHMA grade   S or  better  bearing«  are,   therefore,   nece««ary   for 
the  attainment   of   target   life.     Intrea«e«   in  HIQ of   the  order 
of   UOO .  have   been   recorded  when  operating   «eemlngly   identical 
bearlnsi   at   tilfrh   «peetl  (10,000  rpm i   ai   couparetl  to   low-apeed 
operation   ( IS00   rj«»   (Reference   7t, 

The   u«e  of   a   bearing  made   from  vacuum-melted  H-'iO   «teel   a«   a 
direit   replacement   of   a   bJiOO  «teel   bearing   reauLte   in  a  HIQ 

litt reaae   in   the   applltatioit  on   the  order  of   «X or   greater. 
Tl>l«   ha«   been   deflW>n«t rated   a(   BIIC on   «pi it   inner  ring  main 
rotor   «upport   bearing»   run   at   low  wpeetl   and  high   load   (Ref- 
erence   H)   li.  MIL-1.-7H08   lubricant.     The   life   increase   «hown  by 
theae   teut«,   uaing   «imilar  betiring«  made   from   S.'IOO   «teel   a« 
a  b<i«e   line,   wa«   (on« itterably  greater   than  UX.     Similar   teMt« 
were   reported  by  SKF  but   at   high   «peed,   with   the  re«ult«  being 



aimilar    < O   HH«"    lt»w-o|«Tr>!   rk|irlicl>>c.    I)i(     I ■ fr    il.<lc.iaca   only 
olijiltly   jflcalcr   IdaO   <«X   wrrr   rp<tti««d   wtlli   (he   M-'.O   bear ilig ■> , 

ft'» «o»i   »ffvcttv« ateiiio)! of  prwrin lug   iiu>cr riii|( t re«?|»  it« 
roller  '. .i.:/-:   io  10 .;.!.■•   ii>0  ring  <tiiU  10 rittiah  •   < 
r.t< cw.«y    itilrj/r.illy   with   ll<r    ohafl.        Il.lo   lirailitr   hao   hcrlt    ill 
c»( €••  n i ■. r    .lor    Ott     ill    I'll-l    a r 1  i p a    I r .«I» a* i a o I ol>a ,    wild    rHirllrttl 
icailta.     Not   only   io   ihr   (olrraiuc   r.iii|!r  of   ittiritt. I   < lor- 
.iiiic   Hlgnl f ICAHI ly   tf.'.u.c!   by   thin   |ir.i<(iie.   but   ■ ' <•   tal igu« 
•ft»<Uiral>< c   of    l lip   i iirbvir i«ril   VAC-UM«   art    re«cllr<l   gral'   matrrial 
far   <■ i   .«•.:.    thai   of   ( otivrtil iottal    t hrough-baitlone«)   bearing 
tnalc-riala,       \ '..<>•   .'.,,    tool    al.<l   wvigbl    »aving*   al'f    rvallnvd 
by   rlimiltaliolt    Of     llr    it.l.rl    ringa    al-.<l    (he    .;■.•.....■,■       o|ia<rrc>, 
mil a ,   (tntj   lo<kiti|r   !.ii .-..if. 

The   rriO««»en<l«»i!    tolerante   gra<l*    ia   AHi;«.'    7   for   'he   hlgh-»|(ee<J 
ball   bearinga   amJ   AHKO  'i   for   (lie   roller   bcarin|Ja.     Sine«   (>re- 
loatl,   ra< e  tonirol     and  |»rraa-f i (( ing   (oleraiura  of   (he   ball 
bearing»   are   intertlet>en<!ent ly  critical,   i(    ia   eaaetaial   thai 
(he   ■o'.r! .-    .-   variation«  be aini<risetl.     All   joumala   are   io  be 
«uper f inlahetl   to   a   «'l-A  of   H.        u- ■>    tr i ..? I r   effort   muai    be   ex- 
pendet)   to   inaure   aair\(enaiu e   of   (he   proper  di »en a ion«   and 
•olrlaHen,    which    in    '.\)n\   rHairra    a .;.  . r a a ! .: I    bearing    OJ>e(a(iol>. 

The   aaxinuiti   lite   exhibUed   by  a   roller   bearing   ia   ob(ained   in 
a   roller  bearing   that   ia   < loaely  controlled  tlinenMion. lly.   l>aa 
rollera   that   are  crowned  for  proper   load  d l»tribution on  (he 
r^llerä,   baa   even  roller  guiding  with   t loae   roller and  clear- 
ance  at ronpl iiil-ed   through   integral   flange»  on either  or both 
races,   and,   finally, ia  o|>eratec)   in   a   lubrica( ion-a|>«ed   regime 
that   produ<ea   relatively   ihick   film   aeparation   of   rolling   ton- 
junction»   at   the   preciae   load   for   which   the   crown  wa»   deter- 
mine«!   ( Referent e  9). 

Relaxation  of   any of   (lie  itimen»ional   or  operational   < hara< trr- 
i»tIcH   from   the   optimum  rc»ullH   in  <•   reduced   lite   for   the  bear- 
ing.     Actual   realization of   the  optimum  bearing   in  addition   to 
continuou»  operation  under  the  pre' i»e  de»ign   load  condition 
i»   »eltlom  attained.     lor  thi.i   rea»on.   a rsana  ot   accounting 
for  departure   from  the  opt imua mu»i   be   incorpor atetl   in   tbe 
alatiaiical   treatment   ol    lift   prediction»   for   the   roller  bear- 
ing.     Thi«   ha»   been done  <>..  ueHcribed   in   Relerence»   (>  and   10 
(load  prediction).     Concentrated   loading   In  roller-race  ton- 
Junction»,   eMpet ially  counterformal.   neceaaarily   reduce»   the 
exhibited   life,   compared   to   the  optimum   roller  bearing.     The 
reduction   In   life   i»  predicted   through   the  uae  ol   a  capacity 
reduction   factor,   X-     Ttiti   run on   »everal  dilferent   conligu- 
r^tIon»  of   roller  and  ball   bearing»   re»ulted   in  a  »tatiHtical 
A value  of  0.'>l   for  crowned   roller  bearing»   and   1.0   for  ball 
bearing».     The   range  of   value»   for   roller  bearing»   ^aa  O.US   to 
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AKalfUMMti   of   »lallaiU-il  aerviie   lifr  at   ii>»  bearinga   -or'   In 
tlir   Itihe   t ralmtnlaB lonn   Of   I li i n   -.•.:■,    relleo   o«.   I !ir   uoo   of   hlgli- 
'....::■.■,   boorlnga   (AFHHA    i >'«-   £ ^).   wli*r«in   -. «iiUtMl   value  of 
k -    ,61    im   (t»aure<i        With   ,.i<.;c-!     ;...i'.   pr«<l ii t ion«   at»)   i.;«-"   •' 
Ihg   (>'.   Value»,   a   t<l|!lier   value   of    k   la    )ua((rlei).      For   cKaa>|ile, 
'   '   roller   bearlnga   in   ilir  i.i|jii-i.|»rr<!   Ii\pul   t>evel   pinloita  ot 
th«   twin   I'iOO-hj.  t rattataiaaion  are   analyze.!  with   k -   .61.      P .a 
i«  clone   altxe   I lie   a|>re<l  range   an<l   loa<llnK   coivlltion  are   autti 
• ' ..■    i lie   etfeiia   of  man.tf ac ( ur ln|!   tolerant ea,   tliernal  <llaior- 
ilon,   an<!   roller tlyitamUa  are auignlfled   to  tti«  extent   that 
realixatlon  of   optimum  life   1«   Improbable.     The   roller  bear- 
inga  on   the   Input   bevel   gear   «haft   are   alao   In   ihia   . atejfory. 
■ inct   the   «peed   ie   ■till  higli   (Meference  9). 

The tail   rotor «pur takeoff  gear of   the   twin  l&OO-hp trane- 
mieaion   !• mounted  between  two cylindrical   roller  bearing«   In 
i  . !   a manner  that   end  loading of   the  roller»   1« allowed. 
During  power OMclllation  in  the   tall   rotor  drive  ayatem,   it   1« 
poaaible   for theee  roller«  to absorb a  fluctuating end  load 
and  thu«   Increaee   the  po««ibillty of  adveree  «kewln^ effect« 
which are detrimental  to the  life of  the   roller bearing.     For 
thi«  rea«on     the  value of   .61   for  A 1«  u«ed   in «islng  the 
bearing«. 

The  output   «piral   bevel  gear«   In   the   twin   LSOO-hp  tall  rotor 
drive   Ky«tea  are mounted   in  «uch  a way  that   a higher value  of 
A 1«   Juviified.     The  roller«  are   loaded   in   the proper  C/P 
range,  operate   In   the   Intermediate  «peed  range,   are  rigidly 
houeed,   and  are  properly held   in poaltlon by the duplex ball 
bearing«.     For  theee  reaeon«,   a A  factor of   .83   1« used   in 
«ising   theee   roller  bearing«.     The  value  of  A  s   .83 coincide« 
with  the  AFBMA capacity prediction   for  roller  bearing« with 
modified   line  conOci   and   Integral   guide   flange«,   which  assure 
even  load distribution. 

The  value  of   A for  ball<race  conjunctions   Is   1.0.     This   is  not 
to say  that   ball  bearings  have  a  higher   load capacity;   rather, 
it   is  a   function  of   the mathematical   predictability of  stresses 
in a  point  contact  conjunction.     Conjunction between balls  and 
raceways,   both conformal and count erforma I,  are always  point 
contacts   and  hence  require no  reduction  from the optimum  for 
observed conjunction overrtress.     The  conjunction area  is 
elliptical,   and  the stress patterns are well defined analyti- 
cally (Reference  ID. 
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n<r   tharaiteria(it    failure   rat»»   are   an   Ind««   to  Ihe   retaiive 
rol l«biI iti««   for   c». ■    (»arboM  desigK  ai   taeh  ot   Ih«   idr«« 
I Hi   level*.      Inabiliiy   tu  oi^c   bearlne«   to  provide  e»«iI   re- 
i   . i c :   live»   in   < an JUIK i ion with  ihr   ! j-i     tlmign  aeauwpi iott» 
yiel'U  <lirrereni   level*  of   rellabilliy  win»   conai'leret]   froai  a 
•ingle   level   of   »ervlte   life  or   fro«   lb»   three   THO  level« 
♦ or  r*a«i>lc,   ir   ca<i>   THO  level   were   an<tlyiiecj  with  a  predicted 
failure   rate   based  on   1000 houra,   the   l.'OO-l.ojr  THO  traim- 
«ianion  would   have   by   tar  the   hl|heel    failure   rale.      Hut   when 
c-onpared   to   3000  hour«   atut   (tOCO hour«,   the   failure  rate»  ar. 
«ore  nearly etjual .   thu«   iitditating  proper  eialnc of dynamic 
element » . 

So   in  addition   to  the   1000-hour  ba»i»   for   generic   failure   rate 
we  calculate   failure   rate*   thu«ly; 

A .   f.'00, A ■  JOOO A .  $»22 u'oo    <T7ry • 3ooo    rrTTf ».ooo    rrrr) 
THO '" THO :>u THO 3U 

The   relative   reliabiLitie*   »inply  point   out   the  con»letency   In 
denlgn  criteria.     The  criteria are  actually different   regard- 
ing  calculated   LlQ  requirement»,   but   the   failure  rate«  a»  a 
function  of   THO  period   «how a   tradeoff  characterl»tic   In  favor 
of  extended   TBO. 

UUCSOSTICS OR  FAILURE  DKTECTIOS  SYSTEHg 

t)iagno»tlce  cannot   prevent  premature  failure,  nor can dlagnoe- 
tlcs  be  expected   to  eliminate   eecondary   failure.     However, 
dlagnoatlce   In  conjunction with  «uch  meaaurcM  a*  compartmen- 
talization  can   reduce   the  pomiibi I i ty  of  cataitt rophic   failure 
<tur   to  «etondar/  damage.     For example,   a  •-.»•.»   bearing   «palling 
failure  generate«  metal   flake«   that,   couralng  downward   through 
the   tran«ffll«Hlon,   can   be entrapped   In  gear  a#Hhe« or   in  bear- 
ing«       Entrapment   In   gear«  could  cauve  exce«iiive deformation 
or  tooth  fracture  and   ION« of  drive.     Qntrapaent   in  bearing« 
could  ultimately cau»e  ring  fracture or   lo««  of  operating 
clearance  and   «ubeequent   overheating with  attendant   «elzure  or 
lo«« of drive.     Tbe ma«t  bearing  failure   i»   primary but  not 
cata«trophlc   In   Its  early »tage«  due   to  a   low  progre8«lon 
rate.     Seizure  or   lo««  of drive   in  thl*  example   1« due  to 
secondary  cause«   In  the  higher  «peed  portion«  of  the  tran«- 
ffli««ion.   where   progression  rate«  are   significantly higher. 

Transmission   reliability  is   Increased   by  the  use of a  positive 
failure  detection   system.     If   failures  were  detected  early  and 
Isolated   so  that   secondary debris damage  would   be minimal, 
then  overhaul   cost   would  be  reduced.     However,   the  detection 
system,   per  se,   would   have no  effect on  extended  TBO.     The 
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cfitire   ijv<e»i Jun   of   ll«e   tool'«ttvct ive   ovcrl.tul   txiinl    -   ii\- 
> l'caor<l      ..a!    of   «i . r i !   j ;:    .'. „c   to   e«(rltalve    aeiOlulary   •Ja«>rt((c   vn 
loai  •>!   ica.:..,:   ii«erul   life   1«   1M   tact   ou(ai<tr   tl>e   ••op«  of 
II<U  reporl . 

I«t»ii   onr-Way  C'luCtti 

tc   • u. ■. im»  of   < i.c-   input   onr-woy,   or   f rr«wli««l ing .   rlutch   1» 
to  •. t it.a-i:   engine   torque  to the  t r«niiiBl«« Ion durTng normal 
operation,   yet   to  allow  free   rotation  of   llie   t ran»«!«* Ion  and 
otlier  rotor-drive  conponent»   In  the event   of   engine  atoppage. 
A   ful l-p'iaa l"g     1 -i ■ !   manufactured  by  the   Spring   Olvlitlon  of 
Hor^-Warner  corporation wa»  ctioten   for  each   t ran»ml««lon, 

Sprag  dettlgn  of   thr»e   unit*   1*  normally   «urh   that   the  clutch 
1*   cent rl f ugal ly  et.paging.      fhat   1«,   centrifugal   force  acting 
at   the  center  of   gravity of   each   »prag   rotate»   the   «prag   into 
•»ore   Intimate  contact   with   the   Inner  and  outer   race».     Thl» 
feature  en»ure»   contlnuou»   »prag-race  contact   and  allow» 
»mooth engine   reengagement ,   at   «peed,   after  a   period  of   free- 
wheel Ing . 

Clutch   lubrication   1»   provided  by  a   .^M-gpm  oil   flow  rate  on 
the   SOO-hp unit   <tnd   a   . 5-gpm value  on   the   ISOO-   and  i<HOO-hp 
unit»   into  the  end  of   the   Inner  ring».     Thl«   quantity of   oil 
lubricate»   both  clutch  a»Kembly  radial   bearing»   in  addition 
to   the  »prag  clutch   proper.     Adequate  wear   life   for   the   in- 
cre.i»ed  TBO unit»   i»   enau'-ed   through uae  of   inner-race  over- 
running  deaign»   (wherein   the  centrifugal   load   component   re- 
duce»   to zero with   a   »topped  engine)  and  extra-width   ailver- 
plated  beryllium copper  drag  »pring» 

The  bearing»   in  each   freewheeling  unit   »erve   to center  the 
inner and outer  clutch   raceway»,  maintaining   proper  alignment. 
There   1» no  relative   rotation of   the  bearing   ringa  during 
normal   power-on  operation.     Adequate   falae  brinelling  reaia- 
tance   to  the   imposed   input   drive  shaft   loads   is   provided   by 
use of maximum-static-capacity,   deep-groove,   fractureu  ring- 
type  bearings.     During   autorotation or  one-engine-out   opera- 
tion,   the  bearing  operate»  normally with   inner  ring   rotation 
relative   to  the  outer   ring.     However,   since  no  calculable 
load»  exist,  no   life   is   shown  for   these   elements. 

DRIVF. .SYSTEM  PLKXIBILITY 

Drive   syalem   flexibility  haa   been   incorporated   into  each   trans- 
misaion  for  the   purpose   of   ensuring  proper   load   aharing   in  the 
planetary   reduction  gears.     The  ring gears   in  each  case  are 
splined   loosely   to   the  housing.     This  allows   the   ring  gear   to 
deflect   radially  and   circumferentially  at   each   planet   passage 
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• :   '   ill low«   I lie   Tc-jiiilr     .l.ii;<-(    gear   mraliei«    lu   avrk   an   f.j.il 
■ i ,1 ^   . ■ > . ■   ;...!.      11 .-   «tut   .'• u .-,   are  unreal ralnnl   railially  lo 
(iroviilr   I lir   name   loa'l-tiliar ini;   I ciuleiw y   hy   ttt*rkiiif(   (•i|(i i I 1 lir iuai 
wlitiiit  i lip planet  «eoiir-i».     Tti*-   lowrr planetory «•«rrlrr« ar» 
i)ra igliril   ao    ..-.    lo   aUaurd   (l>c   I ..| i i m .i 1   wll|ilti|i   will  it     : lir   plaltr- 
i.iry aia.,« .iixl   ilma   prevent   gear  ioo(h eiui   loailini.;.     Ii ii 
tilghrr   .it-n-l   plalirtary   »tag«   ta   griirrally   moat    atiat r|>l i hlr   to 
atorlng   failure  wiiott   nil   loa<liit|!   la   i.n-n!.-'. 

In the low-apetMl upper >lal«rtary .i ■:■.<••.'.; i-•. wlirre apace I Imi- 
tationa prevent t lie fledble ilealgn uaeil lit the lower plane- 
tary aaaewbllea ami a<o'lltg riak {a greatly reduced, ll«« gear 
teelli I liemael vea are *t>o<lifie(l in the lea<l direction in aut h a 
manner that no end loading exiata under normal operating con- 
dition«. The carrier det'lect tone eviat in the upper planetary 
carriere.   hut   thia   detlervion   ia  anticipated   and  accommodated. 

Kxcemtive   tlexibility   ia   largely eliminated   in   the  diive   aya- 
tem,   where  deleterioua  effecta  may  reault .      Ttiia   ia   noticeable 
in   the   apiral   bevel   gear mount l;ig  and  bearing  houiiingH.      !!«• 
nature  of   conjugate   action   in   apir-il   bev.-l   gear   teetli  dictatea 
relative   rigidity   in  mounting   to  preserve   the  developed con- 
tact   pattern.     Although   recent   dealgn»  employing   relatively 
high  helix  curvature   (iimall   cutler  radlui»)   exhibit   decreased 
«enititivity   to deflection*,   ahaft   clefleclion«  and  houaing de- 
flection«  allow  relative  motion  o(   the   gear  and   pinion  which 
generate«  a  • oneentrated  conjunction   load  on  an   abbreviated 
area of   the  active   tooth   profile«.     The  rettulling   «treiiB mag- 
nitude   can  be   conaiderably  higher   than  naainal     alculaled 
»ire««e«  and  can   lead   to  nurface   fatigue   failure«  well   in  ad- 
vance  of   predi"ied   gear   life.      Bearing   «izes   and   internal 
clearance!,    i«  well   a«   «haft   «eel ion  modulii,   can   also  con- 
tribute   lo gear di«tre««   through exce««tve  deflection«.     For 
lhe«e   reaaon«,   the   «haft«,   houNing«,   and   bearing«  muHl   be 
«ized  and   proportioned   to  effectively eliminate   exce««ivc  de- 
t lect ion«. 

One major  contributor   to diNtre««   from deflection«   is   the main 
rotor ma«i.     »hi»  element   can   lmpo«e  radial   load   to  the  plane- 
tary  as«emblie«  when mast   «hear  load«  are  generated   in   flight. 
The   bending  mode«   are   «uch   that   relative  radial  motion  of   the 
maut   al   the  planetary  carrier   level  will   induce   radial   re- 
action   load«   in   the   planetary gear  teeth.     To  circumvent   these 
undesirable deflection«,   the  upper carrier   is   flexibly  spllned 
to  the  mast   above   the  planetary assembly   level.     Deflection« 
are minimal   at   this   level,   and   spline   flexibility   Is  helpful 
In  further reducing   the  effects of deflections. 

Housings  are   «o  designed   that   concentrated   pylon  mounting   loads 
are distributed   to  the   transmlnsion  supporting   structure 
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without   Inducing  liii-'ti   local  tlet'l«! t ionN  which   would  affect 
ix-.ii iti^M   and  ^«-n   nu-nluT,   .iilvfi-trl y.     Thin   requircH   ili.it   I ruin 
miHNion  cat«!   be   "beety" uitd  hence  contribute   to  the  overall 
weight.     SucceHMtuL   gear and  bearing dynamlc-H ,   however,  depend 
upon  the practice of   rentricling   flexibility   to  that  extent 
Mutficient   to  aHNure   adecjuate   load didtribut Ion   In element« 
deniKited   to  »hare   Loud. 

EjROSjON 

Krowlon of Oll Pasitagew 

Careful examination of iteveral cored oil passages In UI1-L mag- 
nesium sump cases and steel Jets after return for overhaul has 
revealed no Indications of erosion.  The illl-l transmission oil 
pump Is a 12-gpm constant-displacement Gerotor that delivers 
oil at 60 psl at a cored passage velocity of 30 ft/sec.  It is 
apparent from the Investigation that the range of flow and 
pressure Involved Is not sufficient to cause erosion damage to 
the oil passages.  One unused case was sectioned and surfaces 
were compared to verify that the condition of the used cases 
was rot markedly different from the new cases.  Therefore, 
erosion Is considered to present no problem in extending TBO, 
so long as pressure and velocity experiences are not exceeded. 

300C-H0UR TBO TRANSMISSION DESIGN 

A 3000-hour TBO Is attained through bearing changes wherein 
sizes are Increased to provide the higher capacity required 
for extended fatigue life; increased gear sizes to accept ad- 
ditional load us needed from power available in excess of main 
rotor design power and additional gear load cycle accumulation 
during extended operation; material changes necessary to pro- 
vide adequate corrosion resistance for extended operation; and 
seal material and configuration changes to prevent deteriora- 
tion and wearout. 

I.  Increased bearing sizes are necessary to achieve suf- 
ficient fatigue life for reliable 3000-hour TBO.  The 
size increase was predicated on the reduced allowable 
operating stresses of the gears, which dictated an in- 
crease in horsepower transmitted to the main rotor 
mast and the Lx failure rate acceptable during 3000 
hours of service life.  In the case of the 1200-hour 
TBO design, Lx = L3 = 1200 hours, allowing a 3% fail- 
ure rate for a population life of 1200 hours.  However, 
for a 3000-hour TBO, Lx was chosen as Lx = L5 = 3000 
hours, allowing a 5To failure rate for a population life 
of 3000 hours.  This was done in an effort to reduce 
the considerable size (hence weight) increase in 
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attaining 3000 hours TBO. That is, an L3 design of 
3000 hours results in excessive bearing size and 
weight and provides too stringent a failur« rate to be 
commensurate with associated gear life. 

2. The input bevel gears and/or helical herringbone gears 
must be designed for infinite fatigue life at full en- 
gine output torque. The gear tooth load cycle accumu- 
lation rate is sufficient to produce in excess of 10^ 
cycles during the 1200-hour TBO period. Therefore, 
.hese gears were designed for infinite life for the 
1200-hour TBO and retained for all TBO levels. 

The operating surface compressive stress must remain 
below some established level to preclude surface fa- 
tigue. This stresr level must provide margin for 
transient operation at overpower conditions which 
could induce surface failure during the extended life 
cycle. The restriction of operating surface compres- 
sive stress to this safe established level is predi- 
cated on EHD film thickness and the exhibited fact 
that gears, under thin-film lubrication, are surface- 
fatigue-life limited rather than flexure limited. The 
EHD film thickness, in turn, is influenced primarily 
by lubricant viscosity at operating temperature. The 
use of synthetic lubricants and their relatively low 
viscosity (3-5 cp) necessitates designing to rela- 
tively low surface contact stress levels in the low- 
speed drives, which, in turn, results in relatively 
"heavy" gears. 

3. Material properties play a paramount part in the at- 
tainment of extended service life.  The operating en- 
vironment can render a mechanism useless unless the 
components are specifically designed and treated to 
withstand the elements of the particular environment. 
The transmission cases are naturally the components 
that are most subject to corrosion, especially areas 
that tend to entrap moisture or retain dirt and de- 
bris. The case material must have an inherent ten- 
dency to resist corrosion over long periods of expo- 
sure, or the transmission will be removed "prematurely" 
and attainment of the projected TBO will not be accom- 
plished. The "corrosion life" of certain UH-1 trans- 
mission cases is limited to two overhaul cycles, and 
this only after rework to remove the evidence of cor- 
rosion at the first overhaul. The cases fabricated 
from magnesium are treated with corrosion preventative 
compounds and externally coated with organic coverings 
to provide the best corrosion protection possible with 
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the existent technology.  However, during field ser- 
vice exposure, the galvanic corrosion around joints 
where dissimilar metals have to be used (steel studs 
and washers and magnesium case) reaches an advanced 
state in 1200 hours (Reference 2).  The case geometry 
is not such that actual water traps are present, but 
the surfaces around joint studs are flat and horizon- 
tal so moisture naturally collects and does not run 
off. The result is eventual corrosion in spite of ex- 
ternal organic coatings and sealers. 

There are materials suitable for transmission cases 
however, and this was shown in Reference 2.  All 
transmission cases used on the Vertol CH-'+y are made 
from aluminum alloy.  It was quite evident that no 
corrosion problem existed with the CR-1*!  transmission 
cases, to the extent that no cases were replaced for 
corrosion during the study period in Reference 2. 

The ability, therefore, to resist corrosion in field 
service is attained primarily through the use of 
aluminum alloy transmission cases and judiciously de- 
signed external geometry to prevent moisture retention 
on case surfaces.  For the 1200-hour TBO transmission 
design, the cases were fabricated from magnesium 
alloy, but attainment of TBO of 1200 hours is assured. 
For the 3000-hour TBO transmission, however, the 
material was changed to alun.inum alloy, and the joints 
between cases were designed with studs extending down- 
ward, thus eliminating moisture-retaining flat sur- 
faces on the exposed upper surfaces of the cases 
(reference 3000 TBO, twin 1500 top case).  The trade 
aff in this instance is adequate corrosion resistance 
to attain extended service life for the difference in 
weight in changing from magnesium alloy to aluminum 
alloy. 

Shaft sealing for extended service life must be ad- 
dressed from two aspects:  seal wear and aging de- 
terioration.  The use of conventional lip seals made 
from elastomeric materials provides adequate life for 
the "normal" 1200-hour overhaul period. However, for 
extended life, the problem of simplt elastomer life 
(shelf life) can render the seal ineffective, generally 
due to hardening.  The seal must maintain a minimum 
pressure on the shaft in order to provide effective 
sealing. When the seal material becomes hard or stiff 
due to aging, the ability to maintain adequate pressure 
is lost. Therefore, with shaft or sealing ring wear 
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in conjunction with   elastomer hardening,   the  seal may 
begin to leak. 

For extended  life,   the  shaft  seal must   be  fabricated 
from materials  that   resist  aging deterioration.     This 
requires  the use of  face  seals,   e.g.,   carbon  on steel 
(generally stainless  steel).     The  carbon  face  seal 
resists  aging deterioration.     This  leaves  only wearout 
to be alleviated.     Sealing surface wear  is not  pre- 
vented,   but  an  adequate wear  life  can be attained by 
proper design and  manufacture  of  the  seal,   shaft,  and 
housing.     Proper design is such  that  positive  lubrica- 
tion  for the  seal  is  provided during operation.     That 
is,   it  is necessary  for the  seal to weep or   leak a 
small amount   in order to seal effectively and still 
provide  extended wear life.     The  seal  rubbing  inter- 
face must be  separated by an oil  film to eliminate 
wear,  which   leads  directly to  seal  leakage.     Therefore, 
leakage must  be  tolerated,  but  the  amount  can be con- 
trolled  (and   effectively scavenged  from the  area). 
The  seal  rubbing pressure must  be  controlled  and main- 
tained constant   throughout  the  life  of  the  seal.    This 
is  done  by proper  choice and application of  seal 
springs.     The  springs  are designed  to maintain an ap- 
proximate  constant   force by making  the  effective 
spring length  sufficient to minimize  the  loss of force 
due   to spring  extension.     In addition to oil  seal 
leakage which   provides wear  resistance,   it   is necessary 
to prevent  abrasive wear due  to  entrapment  of dust, 
dirt,   and moisture   from the  external  side  of the seal. 
External protection  is provided by a  labyrinth  seal 
on  the  shaft  outside  the  face  seal.     Dust  and dirt are 
effectively excluded during operation,   and moisture, 
either  from  rain or  cleaning hoses,   is  excluded 
statically.     The moisture  that may enter  the  labyrinth 
seal  escapes   through  a drain  line  provided  for  this 
purpose  (and  for  the  purpose of dumping weepage oil 
over  the  side),   so   the face  seal absorbs no water, 
thus  reducing  the  probability of corrosion. 

Attainment  of  3000  hours  of operation on the  labyrinth- 
face  seal design  is  reliably assured with  the above de- 
sign features.    Another possibility  for extended life 
is  in the use  of pneumatic seals.    Air under controlled 
pressure can be  introduced  into a labyrinth  on a rotat- 
ing shaft.     This  provides a pressure head which effec- 
tively eliminates  oil leakage past  the  labyrinth. 
Bleed air can be supplied from the  engine to provide 
the pressure  head,   or a shaft-mounted centrifugal 
blower can be  provided.    The  advantage  of  this  seal 
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is the absence of shaft-to-seaL contact, thereby elimi- 
nating seal wear.  One disadvantage arises from the 
secondary support system (air supply) required for 
proper sealing.  Another, and more important, disadvan- 
tage lies in the fact that no static seal is present 
to exclude moisture and debris from the gearbox.  For 
this reason alone, face seals were chosen for extended 
life. 

6000-HOUR TBO DESIGN 

The design of the 6000-hour TBO transmission is accomplished 
through modification of the 1200-hour TBO transmissions to re- 
ceive the 3000-hour TBO gears (which were designed to reduced 
allowable operating stresses), bearing material changes, and 
case material changes. 

The gearbox cases are made from cast aluminum alloy, as were 
the 3000-hour TBO cases.  However, the housing proportions 
around bearings were reduced back to the 1200-hour TBO size 
since the bearings are the same size as the 1200-hour TBO de- 
sign. 

By changing the 1200-hour TBO bearings from 52100 steel to 
M-50 steel, a capacity increase was realized that was greater 
than the capacity increase attainable by increasing the 3000- 
hour TBO bearings to the next larger size.  The life increase 
was sufficient to achieve the minimum required B^Q Üf6 of 
7500 hours for the 6000-hour TBO design. 

The gears which were designed to operate at the reduced allow- 
able stresses for the 3000-hour TBO were also used in the 6000- 
hour TBO designs.  The operating conditions for the 6000-hour 
TBO are more nearly equal to the 3000-hour TBO with respect to 
the transient or momentary overpower condition than when com- 
paring the 3000-hour design to the 1200-hour design.  The 
cycle accumulation at overload conditions would remain rela- 
tively insignificant compared to the billion-cycle tooth con- 
tact accumulation.  Although some allowable stress reduction 
for contact fatigue and bending fatigue in going from four 
billion to eight billion cycles (highest frequency mesh in the 
twin 500-hp design) is generally considered applicable, little 
confidence exists in its exact definition. 

The question of seal design for extended life beyond 3000 hours 
must be solved by means other than simply hoping that a face 
seal will last 6000 hours.  The method used in ensuring 6000 
hours operation would be to design the seals into quills and 
replace each seal quill at the 3000-hour interval.  Provision 
to facilitate seal quill removal would have to be made, i.e., 
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output  or input  shaft  design  that would allow seal  quill  re- 
moval without  removing  the associated gear quill.     However, 
the  seal replacement would  be  accomplished at  the   field main- 
tenance  level with no special  tools  required. 

External  flexible  lines  used   in  transfprring  lubricating oil 
from  transmission  to oil cooler and back would also be  re- 
placed at the 3000-hour  interval.    No provisions would  be made 
for quick disconnects  since   the  lines would be normally 
drained  in static  position,   and  replacement  frequency would be 
minimal.    This  requirement would be completely eliminated by 
an  integral oil cooler design which would  preclude  external 
oil   lines.    Oil system  sight  gages would  be  retained  for  the 
total TBO, but material  for  these elements would  be heat- 
treated glass conventionally mounted on O-rings and  retained 
by snap rings. 

Externally exposed shafting would be made  from corrosion- 
resisting steels and would  be  cadmium plated as were  the  3000- 
hour TBO designs.     Internal corrosion protection would  be the 
same  as  the 3000-hour TBO design. 
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ÜESCHIPTION  OK TKANSMISSIOSS 

IVIN   SOO-HP TRANSMISSION 

Tlie   twin   500-li|) irunMiniMMion   i ••   a   two-Hi<i(?c  rvducllon  unll 
(ompriHed  of   two   input   Mpiral   bevel   pinlona   (Piaur*   3,    item 
iCi)   iliivinv   ,i  ainpLe   HpiraL   bevel   yt-.n  (Figure   3,   item   20), 
which   in   turn drive»  u  Hingle   planetary  Htage.     An  overrunninR 
clutch   IN   positlonec!  at   each   pinion   location  to allow  Hingle- 
enjrine   operation or   twin-engine  operation with  diflerent   power 
inputs. 

The   Input   spiral   bevel   gear  driven   the   lower  sun  gear   (Pigura 
3,   item   3G)   through  a  splined  connection.     The   sun   gear  driven 
three  planet   Idlers   (Figure   3,   item UC.)   inside  a   srmiflxed 
ring  gear   (Figure   3,   item   5('.).     The   planet   carrier  drives   the 
main  rotor mast   through  a  splined  connection. 

The  oil   system consists  of   a   constant-displatemenl   ''-gprn   pump 
driven   from the  bevel  gear member.     Oil   is  drawn   through  a 
roarse   filter screen   from   the main  CAM and  pumped   through   a 
10-miiron   filter   to  the  oil   cooler.     The  oil   cooler   is   mointed 
above   the   port   input   shaft   coupling,   whlth  has   a  centrifugal 
blower  attached   to  the  couplirg  drive  flange.     Cooling   air   1«* 
furnished   to  the  cooler  during   normal  operation  by   the   blower. 
In   the  event   of  port   engine   failure,   the  blower  becomes   in- 
active:   however,   the  cooling   retiuiremetu   is   reduced  due   to   the 
power decrease  (500 hp maximum),   so  the   Inoperative  blower   i» 
not   detrimental   to  the  continued   single-engine   performame. 
The   Justification   tor   this   assumption   is   based   on   past   pt-rlor- 
mance  of   the  DH-lA  helicopter   tramtmliilon,   whiih   was  designed 
for   700   hp  continuous,   and   no  oil   cooler was   used   lor   the   oil 
system  on   the main   transmission.      The  normal   operating   horse- 
power   at   65"  would   be  comparable   to   the   single-engine   opeiation 
of   the   twin   S00-hp design  of   this   ittudy.      The   t ai I-rot or-«!r i ve 
spiral   bevel   pinion   (Fig ire   J,   11 eti  60)   in   ilriven   by   the   ■"hul!' 
spiral   bevel  gear.    The   lal l-roior-<lrive output   shaft   also  pro- 
vides   a   rotor  brake   assembly  mounting.     The   shaft   rotates   at 
nOOO   rpm   (same  as  engine   input)   and   transmits   10H   hp   to   the 
antltorque   tail   rotor  at    I'>00   rpm   through   a   '.75   ratio  90     spi- 
ral   bevel   gear  set   in  the   tail   rotor  gearbox   (Figure   J,   Tables 
I   and   II:   Figure   k.   Tables   HI   and   IV:   Figure   S,    fable   V;. 

Cases  are  made   trom  cast  magnesium  except   tor   the   top  case, 
which   is   made   from   forged  aluminum  alloy,   1*032.      The   top  case 
is   tii!i-   from aluminum   in  order   to  withstand   the   fretting   wear 
assoc iated with   the   external   spline   on  the   ring   gear. 

(Conventional elastomeric lip seals are used in sealing input 
and output shafts. Shalt sealing surfaces are case hardened 
and   cadmium plated. 
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Input   Pinion Hollar Slaa  S0<« 

Input  Pinion lall Slta  7213 

Input Caar Rollar Sire 
110 H  lM)i  32  - 1.5 H 10 

Input Gaar lall Slaa 
6918 With  13/32 Ralla 

Planat  Rollar Slta 
11  M  11   «  3.86 P.D. 
2 Rowa:  16 Rollara/Row 

Haat Rail 20<<-0^0-l36 

Naat Rollar Slia 1011 

Tall Rotor Pinion Rollar 
Slaa 1911 

Tall Rotor Pinion lall 
20<*-OM>-l<t3 

Planatary Support lall 
Slaa 95 i 125 a 13 

Praavhaallnf Ball Slaa 
70 a 100 a 12 
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>c«tr i»^ 

Input   Pinion Kullcr 
Sin«   » •• 

Input   Pii«tun Bai 1 
Sue   7212 

Input    .. u   Holler 
Si«c   UO   x   lUü;   32   -   «.5   x   lu 

Input   Uear  B<tll 
Site   ' >\->   with  13/32   BMII» 

Planet     Roller 
2   Row»:   16  Rol Urn/Row 
Sil«   U      K  U  x   3.S6  PU 

Ma*l   Ball 
20U-OUO-136 

M..--.      Roller 
Site   lull 

Tail     Rotor  Pinion  Roller 
Site   1911 

Tail   Rotor Pinion Ball 
2UU-u<4U-l<«3 

Planetary Support   Ball 
Site 9& x  125 x  13 

Freewheeling  Ball 
Sue   7U  x   10U x  12 

1,175 

623 

CoänfnR-'" ilvar 
Rrt«>i«l Moment || 

Axtal (_lb) (in   -Ih) ^ 

63«* 

1.2«7 9UU I.U87 

1.636 

*     65*« Load  for   I tec»  IB through 5B 
75"* Loao   for   lies« HB attd  9B 

luu", Lo«(J  for   Item»  6B attd   7B 
No calculation» aude  for tie«»   IB or   I IB 

703 1.032 

2,100 

5.370 U.2Ü2 6,;3U 

3, 509 

918 

321 21** 

: 

n 
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dial 
lb) 

l.uAl..  AND UVKJ»   -   1200-HOUK TBO.   TWIN 500 HI» 

Hoaent 
(In -lb) 

r« •ring Life 
tloum 
LlO  • KIH 

n. 
ON 

63<« - J«,«**.^ O.OUU LI 120,000 

9U14 1.087 2.H2<* O.UUO .•t. 360,000 

,636 - 17.026 1.575 ;i 173.OOO 

703 1.032 U.IHU 1.575 n U2.000 

,loo - «4.56M 968 6 7 3.000 

,202 6.73W 2.902 337 5 37,OOO 

,509 - 3.75U 337 .' 19,OOO 

9L8 - 5.376 6.000 17 330.0JO 

321 2l<4 6.0UH 6.000 I» 210.000 

- - - - - - 
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TA3LE  II. SUHMARy OF  FUNCn 
TWIU   500  IIP.   1201 

It«« 
No. lt«n (HP) 

Tangcniial 
Load 
/lb) 

Diametral 
Pitch 

Nuaber 
of 

Teeth 

Face 
Width 
(in.) RPM 

Pitch Lll 
v.-lot ltd 
(ft/aliü 

IC Input  Spir«L 
Brvrl  Pinion 

500 3.287 0.0 21 1.2 6.1)00 J.U98 

2C Input  Spiral 
B«v«l   U-rti- 

500 3.287 6.0 8U 1.2 1.575 5.*«98 

1    3C 
Son C«Ar 667 U.IOÜ 8.29762 36 1.6 1.575 - 

<*c PUinst  Pinion 
With Sun 
With  Ring 

667 
667 

««.loo 
«».100 

8.29762 
8.70139 

U6 1.6 
1.6 

968 
968 

l.UOU 
l.UCX* 

sc Ring Cc«r 667 u.ioo 8.70139 132 1.55 - 1 
6C Tail  Rotor 

Drive Pinion 
10« 682 6.03<* 21 .60 6.000 5.U67    | 

1!   7C Accessory 
Drive Pinion 

6.77U 21 .28 6.000 '«.870    1 

ftiaiiif pill Mf H 
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MARY OF FUNCTIONAL CKAR OATA. 
IN ioo tip, 1200- IIOUR TB0 

— Pitch LIn. Teapcrttture BendIn« rjnprcMlve BID 7l\m Num.«- rl 
Velocity UM Streas Streas Tldck.tcaa Average of 
(fl/«ln) (0P) (Ptl) (pal) (in.   x   10-6) Power LuaH Mcaliea 

r 
looo 5, («98 28<t.0 37.5UO 211.758 7.2 2.17«« 2 

(575 5.a98 284.0 37.613 211,/58 7.2 2.17«» 2 

575 - 100.9 UU.0U8 169.712 16.<4l .512 3         1 

968 l.uou 10Ü.9 50.97U 169.712 16.Ul .512 
968 l.uou 26.1 32.385 135.»«70 17.91 .U13 - 

- - 26.1 U6.235 135.'♦70 17.91 .«♦13 3         I 
000 5.U67 212.0 21.761 lUi4.629 8.7 .«♦53 1 

poo U.870 - - - - - 1 
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Pump Inlet 
Screen 

Hydraulic Pump 
Drive Pad 

Tail  Rotor Drive 
Shaft Adapter 

o 
GEARS 

Item No. Name 

LG Input Spiral Bevel Pinion 

2G Input Spiral Bevel Gear 

3G Sun Gear 

UG Planet Pinion 

5G Ring Gear 

6G Tall Rotor Drive Pinion 

7G Accessory Drive Pinion 

BEARINGS 

Item No.    Name 

IB      Input Pinion Roller Size 305 

2B      Input Pinion Ball Size 7214 

3B      Input Gear Roller Size 
110 x 140;   32   - 8.5 x 10 

4B Input Gear Ball Size 
6918 With  7/16 Balls 

5B Planet Roller Size    . 
11 x 13 x 3.86 P.D.   ■••. 
2 Rows:     17  Rollers/Row 

6B Mast Ball  20U-0U0-136 

7B Mast Roller  Size 1011 

8B Tail Rotor Pinion Roller 
Size 1912 

9B Tail Rotor Pinion Ball 
204-040-ll»3 

10B Planetary Support Ball 
Size 95 x 125 x 13 

11B Freewheeling Ball Size 
70 x 100 x 12 

I 
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TABLE  III .     SUMMARY OF BEARING LOADS  AND LIVES 

Item Beari ng 

~     Loading * 
Radial Moment 

Axial (lb) (in.-lb) 

"Be 

IB 

2B 

Input Pinion Roller 
Size  305 

Input Pinion Ball 
Size  7214 

1,279 

834 

732 999 

I    3B Input Gear Roller 
Size  110 x 140;   32   - 8.5 x 10 

" 1,818 — 

kB Input  Gear Ball 
Size 6918  with 7/16 Balls 

1,135 665 819 

5B Planet Roller 
2  Rows:   17  Rollers/Row 
Size 11 x 13 x 3.86 PD 

- 2,353 - 

6B Mast Ball 
204-040-136 

5,370 4,202 6,734 

i    7B Mast Roller 
Size  1011 

- 3,509 - 

8B Tail  Rotor Pinion Roller 
Size  1912 

- 977 - 

i    9B Tail  Rotor Pinion Ball 
204-040-143 

632 365 240 

10B Planetary Support Ball 
Size 95 x  125 x  13 

- - - 

11B Freewheeling Ball 
Size  70 x 100 x 12 

- - - 

*    65% Load  for Items   IB  through  5B 
75% Load for Items  8B and  9B 

100% Load  for Items   6B and   7B 
No calculations made for Items  10B or  11B 
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Vx 
BEARING LOADS  AND LIVES   -  3000-HOUR TBO,  TWIN 500 HP 

lading * 
Eadial 
filb) 

Moment 
(in.-lb) 

Bearing Life 
Hours 
LIO * RPM 

Minimum 
Thickne 

(10-D in 

Film 
ss 
.) DN                        ! 

f     83U - 7,764 6,000 13 150,000 

732 999 6,390 6,000 30 420,000 

11,818 - 11,486 1,575 11 173,000 

|     665 819 6,450 1,575 11 142,000 

12,353 - 5,534 968 6 73,000 

14,202 6,734 2,902 337 5 37,000 

13,509 - 3,754 337 2 19,000                1 

1     977 - 5,060 6,000 18 360,000 

[     365 240 5,686 6,000 16 210,000 

:*--""'" aaaMMHHM —*— ^^^u^.  
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TABLE IV . SUMMARY OP PUNCH UN J 

WIN  500  HP.   3000- J 

Item 
No. Item HP 

Tangential 
Load 
(lb) 

Diametral 
Pitch 

Number 
of 

Teeth 

Puce 
Width 
(In.) RPM 

pitch t.;.*-   ra 
Velocity 
(ft/mln)            1 

LG Input  Spiral 
Bevel Pinion 

500 3,036 5.5 21 l.U 6,000 5,998 

2G Input  Spiral 
Bevel   Gear 

500 3,036 5.5 HU i.a 1.575 5,998                  1 

30 Sun Gear 667 U.IOO 8.29762 36 1.81 1,575 - 

UG Planet Pinion 
With  Sun  Gear 
With  Ring 

Gear 

667 
667 

U.IOO 
U.IOO 

8.29762 
8.70139 U6 

1.78 
1.78 

968 l^OU 

5G Ring  Gear 667 U,100 8.70139 i.32 1.81 - - 

6G Tail  Rotor 
Drive  Pinion 

108 626 5.53 21 .70 6,000 5,99U                  | 

7G 

  

Accessory 
Drive  Pinion 

6.36 21 .35 6,000 5,18U 

iceding pige blink 
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PWY OP  FUNCTIONAL ÜKAA  DATA. 
m  SCO  HP.   3000-  AND 6000-IIOUH TBO 

[        Pitch  Lit» 
Velocity 

1        (ft/mln) 

Tcmpr raturc 
Kin« 
(UF) 

Be i»i i ng 
Sir«»» 

Co«pre»» ive 
Si re»» 
(DSl) 

m Pl\m 
TYtit kite»» 

(In.)«  iO'b) 

Average 
Power  Lo»» 

(hp) 
of 

M)         S.998 259.0 26.9'«5 177.250 8.1 2.189 1          ' 

fS         5.99» 259.0 27.026 177.283 ».I 2.109 •» 

I5 93.2 3S.9UI 160.902 16.6U .556 3       1 

U         I .-"- 93.2 
25.1 

U5.819 
29.091 

160.902 
126.ül6 

16.6«. 
18.0 

.556 

.«*18 
m                j| 

"                ll 

- 25.1 39.597 126,1*16 18.0 .«•18 ?   ! 

JO         5.99«* 187.0 17.3U9 123.050 9.7 .«.w i    | 

ID         5,18<* - - - ■ - i 
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HHUBI 
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fuap Inlti 
5cr««n 

It 
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Jt 

M 

St 

«t 

7t 

tt 

9t 

10t 

lit 

441 IC Pu«p 
V« P«d 

rail  totor Orlv« 
Shaft  Adapt«r 

Input Pinion tolUr Sla« SO« 

input Pinion tall  si««  7212 

input Gaar Hollar tlaa 
110 «  1M)I  32  - t.S * 10 

Input Caar tall tlaa 
Mit With  13/32  tallt 

Plonat tellar Stao 
11  H 11 M  3.«6 P.D. 
2 towat    16 tollara/ 

Miat tall  20<i-0«0-13« 

Naat tollar Slia 1011 

Tall totor Pinion tollar 
tlaa 1911 

Tall totor Pinion tall 
20<i-OM)-lU3 

Planatary Support tall 
SUa 9S a 12S a 13 

Praauhaallnf tall tlaa 
70 a 100 a 12 
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TAilU V . »UIMAItY <'l   BUUltMO :.•....  AND LlVfH    ml 

JU« .     Is ILUli 
Ittput   flttiuit Holier - 

IU<)ial 

634. 

T 
MMMmi 

(In.-lb) 

tnpui  Pinion Ball 
Sis*  fiU 

1.2B7 iLMi i.u«; 
U| 

tnpui   c*car   Malier 
Si««   Uu   m   IUO;   J2   .   ». i   .   lo 

- 1.656 • 1     1 

tnpui   ücar  Ball 
«lie   Oil«   wl(l)   13/32  Ball* 

1.174 ;o3 1.032 l61 

fUtu>l   RolUr - 2.100 ■ l«j 

I OB 

UB 

2   '•'»w»!   16  Boiler*. lU>w 
Si«e   11      H  11   M   3.«b  1*0 

NMI   Ball 
20(t.0<«0-136 

Ha*(   itolUr 
Slse   1011 

r«ll   Botor i--:..',-. Roller 
Sif«   1911 

fail  Rotor  flnion    »all 
20ii-Ofcu-l<*3 

flanetary  Support   Ball 
Sine  94  M     124  »   13 

Frccwh««ling  Ball 
S;i«   70  K   l(X)  M   12 

64% Load  for   It««*   IB  through  4B 
74% Lo«d for Item BB ai«) 9B 

100% Load for It««» oB and 7B 
No calculat ionii «adc for  lt««k   10B or   UB 

4.370 «..202 «..73!. 

3.409 

623 

91» 

321 2l<* 

-l 
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■G  UtAUi  ANU i.r.-i., . duuu.iiuUM nw.  TWIH 4UÜ  HI« 

n  
NoMni 

(in.-lb) 

Marine Uf« 
Houn 
UO • 

O.ÜÜU 

"Mi.. 
Hi iekiM 

• 6   ir IM 

- I/./BO 11 UU.OOO 

i,us; il.ttt, fc.OUU :<, 360,000 

- \J.02b 1.474 u 17 3.OOO 

I.OJ2 16.720 1.474 u UJ.OOO 

■ U.^72 tb» «. 73,0O0 

6. Ms. 11.60S 337 '> 37.0OO 

- 14.016 337 .■ 19,000 

- 2l.S0<t 6.000 17 330.000 

n<t 2*.1*2 6.000 18 210.000 
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Tli«    iwitl    l'>(K)>l.|i    t i   .!..•:     : .-! rj i in.    ..-;.:;~.r-;    I |ir    t OI il t    =].«•€-.'.    FtxlUC- 
I tuli   In««   vligllifH    IO   tt-itii   rulur   «aol .      ♦;.>• I.   rtigilic    ilivra    llllo 
ll<«   f Iral -al aitr    < t-,'. .,  t •:..:  ,   wliicd    io    ..   i>|>iral    • c-. r ;    rc..i    act 
M if-ii.-   6,    itc«a   lei  .«u.l   jrt) .     ft«»   bevel   Kear   (Klg^re   «.,   il«m» 
id)  t«ta   .»  ut.c-w..>   overrviithing  rlulch  01    Hi«   luwci   «lul  wi-i ■ i 
drivea    1M'O    4       c-.;...!    ! c I I i t. J.MM>I>C    pillion.        fie    l.cll.il    piltiono 
(Kiguro   ''.   lir«   IO   '.live  a  "bull" belUal   berr ingbone  j;r..i 
(Figure   *>,    it««   ••»;>,       ri'c   gettr   lorqur    ia   aplit    ot    tbe   bull 
|Jc;«r.   wt<ere   10OO  lip   no*  »orb  rngitte   ia   I raiiawil (e<l   lo  llir 
main  rotor  «Ktai   <*tui   MS  hp  total   ia   t raiiawit teti   lo  (lie   aitea- 
aoriea    ■' •'.   tail   rotor   ilrive.     Ttie     bull'   gear  tlrivea   the   lower 
plaitelary   BUM   t-'oar ,   wbicl«   ia   apline«!   lo  i be   bull   gear   =!.«!•. 
fbe   lower   planetary   alage   tonaiota   of   a   ~ ■'■■   gear   (Figure   6, 
lie«   '•<.).   tour   planetary   IcJlera   (Figure   i»,    ile«  Cjj   in  a   "ball 
joint   carrier. '  and  a   rloatiitg   ring   gear   (Figure  6,   ile«  70). 
Tli«   lower  carrier  drivea   the  upper   »un   gear   tbrougb a «at ing 
involute   apline.      P «•   upper   planetary   ..-. =c-' i.   conaiata  of   a 
aun  gear   (Figure   '>.   -•«•■■   SO,   ai»  planetary   l<)lera   (Figure   «>, 
He« 9ü)   In  a  rigid  <arrler,  and  a   floating  ring  gear  (Figure 
ft,   .•<■-   IOC).     Tbe  upper <arrier  apllnea   to  and drive»   tbe 
a.!,  rotor «aat   (figure  *>,   Tablea   VI   and VII;   Figure   7,   Tablea 

VII   and   IX:   Figure   8.   Table   X). 

Tt»e   tail   rotor   ilrive   •=,=■.-   ia  to«pri*-d  of   a   apur  gear   aet 
(Figure  6,   iie«a   IU; and   12C) wblch  drive«   Into a  apiral   bevel 
gear  »«-t   (Figure   '•,   ite««   13(5 and   l««<:>.      n>e   bevel   gear  baa   a 
• pur gear  (Figure  6,   ue«  liOj »ounted o«t tbe outboard end 
wbi<ti drive«   the   a< ce«aory  gear   «y«te« (Figure   t>,   lie««   16<; 
and   IJC). 

Tbe  oil   ay«te«  >on«i«t» of   a conat^nt-dl«place«ent   l2.b«gp« 
; .-;. driven off   (be   (ail   rotor drive   takeoff   «pur gear  (Figure 
'•,   Ite«  He;),   external   line«  and   internal   paaaage«,  oil   Jet«, 
and oil «anlfold  «ufflcient   to provide tooling and lubrication 
for  all  gear«  and  bearing«.    Oil   Jet«  «re  provided  for   Inter- 
«itlent   lubrication  of   planetary  gear«   (by  virtue  of  planetary 
rotation  pa»t   tbe   Jet«)   an«!  oil   Into  and  out   of  «eah  on  tbe 
bevel   and  bellcal   gear«.     Bearing«   are   lubricated by oil   flow- 
ing   fro« paaaage»   In  the l>ou«lng   Into annull  around  the bear- 
ing«,   and   finally   Into   tbe  bearing«   via  ground   «lot«  between 
the  bearing«,  or  «inply by  Jet«   Into  tbe bearing«.     External 
line«  are u«ed  to carry 'be oil   fro«  the  pump to a   10-«lcron 
full-flew  filter,   then  ' >  the oil  cooler,  and  finally  to tbe 
iran««!*«ion  oil  «anlfold.     The  oil   filter,   cooler,   tnd  tooling 
fan will   be mounted  on  the  iran««l»«lon and  hence  require  no 
flexible   ho«e«   to  accoanodate  relative motion   between airfrane 

frieiOii mi Milk 



.il»l    I I .iti otti I no I uii,       ft'i-   ull    • oal lll|l    I-in    In   ttioii.l fil   tlti   III»   (|i  - 
.:-:..!,      llriVfl      Itltil      I. .-■     :      U|><* I  .11   i Ull.l I       lit      lllf      DVVIll      Ol       oill^lf" 

vng the   OltcCil'. io««. 

flip i ran bill to» i utt i <*«««  titf  i .iiir i<'ii P<1 rru<a > not  «i.^-i.t-.:: i^. wltii 
'    t     ..<■■.■!.   of    Ihr     ,'..-■.-.      a [tin er   •'•or,    wlilili   liOMora   II.r 
,;.■€•■>!,   rdti;  R«<ir  «m«'   iln»  i>M|>t>ui'i   < ;ior wi.i.ii  uiiiidiro  10 the 
.>il!l.»-<r.        Thr   -nrl'.o.'.    Ot    ttuUlil itlg    Ihr    «ii^    h'r''     I'fuV i ilr a    I   ■":.: 

<»-;.; i .H.. r   fur   lltr   r(ni   K9<tra   am)   hrtu «   rrldtivr   wol ioli   brlwrrh 
ft-.ii    dfiil   npllnr   otcur»   an   the   |>l<ii>eln   orbit    il>t«i<lr   Ihr   rihg 
gettr.      flir   rrlrtlJvr   tool i oh   wllh   annOt i <tt r<t   wrul'   |>ulriili>il   prc- 

l  j'lca   III»   (i«r   of   «agnra i\|4)   a i lu r   «aghr a i i|»t>   rKhlblla    lllllr 
-.-..i    rrn 1 al («li< r   for   I !■ i a   apt'l It'al ion ,      the   Uar   of   alutaihu« 
alloy,  huwrvrr,     ■.<-'.;,   ,■:.■.■.>•,-   ihia  wrar     i<.! '..•■. 

Caütiiti  |«oa«lry  tt"\   vol<'«r  are  neteaoarily  ihe   aamr   lor pail» 
tKO |>crio<!   ilraiftii»   tor   ci iparablc*   I ranaoti aaioit   >aaea   «a<)r   Iron 
alvlMiltun   ai.il   asaifltc a i itm,       T1<r   Walt    Ihiikhraara,    iraliailioh   |tr- 
o«riry,   ai»d  ap. r-.if'i ut al   |>roj»or i Ion int?   arr   aa   rccmirr«)   io  |»ro- 
vlJr   a>le<|Uatr   »I imrha lonal   coaa 1 al cm >•,   r<*tl (ograpli ic    .il :•.>•, 
alvl   gear   «Ount i'tg    rigidity,    rea|>rt I ivr ly,       n<r   »Jillrrrlur    Ih 
-o'.;l;i   ot   claalitlly   ia   < ona i<lrre<J    inauriitirhl    to   allow   »re - 
t ion      : .«i.jfca    ll\   ah   atlrmpt    to   ail h)aI    ali^ht    ri^i'lily   <)ialH.rB 

t ra«   «laffhr a SutB   to   alu«ii-.u<n,   ca|>rt I al I >•    in   coffi|>lrll   thin   wall 
< aal inga, 

IVIS  ^»QO-HP   THA-V^MiaSIOS 

pir   iwin <<(t00-t>p •h(;ihr4   Irivc  the «aiu  t rahaai aaiou  through 
idrhtiiol   engine   reUuction  ^carhoxra,   whi- it   arr  «jounte«! on 
oppuailr    ai<Sea   Ol     the    I l.thaati aaio:t  «a' h   tattr.       Engine   oul'tul 
•peed  ia  rrJuc r<i  through ihia nt^ii.r  reduction gearbox i>^   a 
«.7:«!«)   ratio   «piral   bevel   (fear   aet    (Figure   ') ,    lte«a   lC   alt«!   .'G), 
Thi«   Rear   «et   ilrive»   the  aaiit   »pi: tl   bevel    input   pinion   ihrouf-h 
an overrunning  clutch.     The main   input   pinion«   (Figure  9,   ite« 
J(.«   IndepenUent ly drive   the  "bull     apical   bevel   >;«•"•    (Figure 
'»,   ite« <*C(AH.     rtt©   <-o«bined   twin-engine   power   ia   then  irana- 
«itted   ! •..-   thie  point   to  the «vain  ro'or   through   two   fixed- 
ring,   »un-input/carrier-outpui   apur  gear   planetary  drivea  ol 
3.«7S:l   ratio eatlt   (Figure  •>.   Table«   XI   and  Xll;   Figuie   10. 
Table«   Xtll   and   XIV;   Figure   11.   Table   XV. 

.;. 



the .ii i .i. tiiut? boltH of the «pherical ball bearingii in the 
«pider.  The itplder h.ir, four leff« equully iipurcd in which the 
«pherU-ul ball bearlngH are fitted.  The itplder drive» the 
upper planetary «un gear (Pigurfl 9, Ittm 8G) through an In- 
volute apllne. 

The upper planetary nun gear drlvett HIX planetary idler gears 
(Figure 9, item 9G) Inulde a fixed ring gear (Figure 9, Item 
lee .  Hu- idler gear» are mounted In u rigid carrier which 
tranamltH power to the main rotor mast through an Involute 
splint. 

The tail rotor and accessory drive power la split from the 
main spiral bevel gear (Figure 9, Item <«G(A)) by a spiral 
bevel pinion (Figure 9, Item HG) at a 90 ' shaft angle.  The 
tail rotor shafting is driven by using a curvic face coupling 
spllned to the pinion. 

The accessories are driven by a spur gear (Figure 9, lt<»m 12G) 
mounted on and driven by the spiral bevel pinion (Figure 9, 
item lit;').  The accessory drive consists of two 56/U8 to )th 
spur clusters (Figure 9, Items 13G(A) and 13G(B)), driven by 
the accessory spur gear, for the twin generator drives.  Each 
spur pinion drives a spur gear (Figure 9, Item IUG) for the 
hydraulic pump drives. 

Tbe oil system components consist of a JO-gallon-capaclty 
gravity iv*'im and externally finned wet sump, a 70-gpm oil 
pump drivci- by an offset spur gear (Figure 9, item 15G) on the 
lower end of the main bevel gear shaft, a two-phase filter 
system consist inj? of a coarse filter screen and a 10-micron 
filter, an external oil «ooler, a bypass-type pressure limit- 
ing valve, inU'rn..l oil passages, externally removable oil 
jetn. and associate.! tubing, fittings, and monitoring devices. 

The oil is drawn into the pump through the coarse filter 
st reen directly from the sump and routed out the front of the 
transmission main case to the oil  ooler and the 10-micron 
filler and then back to the tr.msmission main case supply 
manifold.  A system of internal oil passages in the main case 
carries oil to the bearings and jets, which sprays gear meshes 
and lower case roller bearings.  Jet sprays, fed by rigid ex- 
ternal oil lines, supply lubrication to the top case bearings 
and planetary meshes ai 1 oearlngs.  Sight glasses are provided 
In the main case and sump for high and low oil level observa- 
t ion. 

The transmission upper <ase houses the main rotor mast thrust 
bearing, which transfers lift from the rotating main rotor to 
the upper case.  The upper case Is attached to an intermediate 

us 
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case, which has three external cast-on lugs for mounting the 
transmission assembly and transmitting lift to the airframe. 
The main case houses the lower main rotor mast bearing, which, 
with the upper bearing, provides a moment restraint to trans- 
mit radial (bending) mast loads through the transmission 
housing and into the airframe. 
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OiL  Pressure  Regulator 

From Lube Manifold 
System 

— Oil  Breather 

figure   6.     Twin   1500-HP  Transmission,   L200-Hour  TBO. 
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«■■■■■■■■■II •WH 

From Lube Manifold 
System To Accessory Drive 

Lube  Jet 

To Freewheeling Assemblies 
Lube Jets 

ma n-o 

WfOr f 

GEARS. 

Item No. Name 

IG Input Spiral Bcvtl 

2G Input Spiral Bevel 

3G Herringbone Pinion 

UG Herringbone Gear 

5G Lower Sun Gear 

6G Lower Planet Piniol 

7G Lower Ring Gear 

8G Upper Sun Gear 

9G Upper Planet Pinlo 

10G Upper Ring Gear 

UG Offset Spur Pinion 

12G Offset Spur Gear 

13G Sump Bevel Pinion 

1UG Sump Bevel Gear 

15G Accessory Spur Pin 

160 Accessory Spur Idli 

17G Accessory Spur Gea 

BEARINGS 

Item No. Name 

IB Input Pinion Roll« 
Size 207 

2B Input Pinion Ball 
Size 7210 

3B Input Gear Roller 
Size 191U 

4B Input Gear Ball 
Size 7014 

il^-iaMtMiryMJailM.'. ,r   .,aJ»«.,^^-.,;f.,;L..a..-....,,,,^...;A.u..;..^,..      f |||| f ||||||M|Mitti MllMMllltiM^lHH« J 



'9 
9BA«4 

UNO. N»m» 

IG Input  Spiral Bev»l  Pinion 

ho Input Spiral B«v«l c«ar 

ISO Harringbon«  Pinion 

uc Herringbon*  G«ar 

5C Lower Sun Gear 

60 Lower Planet  Pinion 

70 Lower Ring Gear 

ISO Upper Sun Gear 

90 Upper Planet  Pinion 

koo Upper  Ring Gear 

kio Offact  Spur  Pinion 

I20 Offaet  Spur Gear 

rG Sump Bevel  Pinion 

uo Sump Bevel Gear 

ISO Accessory Spur Pinion 

160 Acccasory Spur Idler 

170 Accessory Spur Gear 

BEARINGS 

ha No. Name 

[IB Input Pinion Roller 
Sin* 207 

2B Input Pinion Ball 
Size  7210 

3B Input Gear Roller 
Size  191U 

ÜB Input Gear Ball 
Size  701U 

BCAillNCS • ContInued 

ItM NO. Bfltt 
Harrinfbone Pinion Roller 
Size 19U 

Herringbone Gear Roller 
20k-OkO-27l 

Lower Flanet  Roller 
20U-000-725/-IJ2 

Upper Planet  Roller 
563-OI40-U.'   -Ill 

Naat  »all  205-0M>-l65 

10B Maat  Roller  563-O<<0-270 

LIB 51T Spur Gear Roller 
165 x  16|   33  -  II « II 

12B 35T Spur Pinion Roller 
SUe  206s   13  - 9 » II 

13B Pinion Roller Site 208 

IUB Pinion Ball  Size 7212 

15B Gear Roller Size 211 

16B Gear Ball Size  7210 

17B 3UT Ace.  Drive Roller 
Size 100U 

18B 39T Ace.   Drive  Idler 
Roller Size  1905 

19B 3UT Ace.   Drive  (Single 
Mesh)   Roller Size 1906 

20B Upper Planetary Support 
Ball  563-01*0-120 

21B Lower Planetary Support 
Ball  563-040-120 

22B Herringbone Gear Support 
Ball Size IkO x 165 

23B Freewheeling Roller 
Size  1009 

-■-•■■ ■ '■■ ■   ■ in 'iMaiMi 
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Oil  PJfflp 

L—i 
Tall Rotor Drive 
Shaft Adapter 

Figure  6  - Continued. 
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i iL ^^ ;SJ t   o /~'ri=; 

ÄTr/av r-i: 

I6G 

Generator Drive 
Pad 

Hydraulic Pump 
Drive Pad 
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_I lea toarton ^»LlL 

IB 

TAHI.K VI.      SUMKAKY OK BCARltIC  UOAUS A5tü LIVES   •   UOO-HQl 

l^aifing  * Hrarlng LH 
Ma.n..l Noaeni Hour» 

Inpai  Pinion K.>iiii 
Si««.   207 

-■a Input   Piitio.t Ball 
Sise   721U 

3B iii.nj!   Cuar Roller 
Siie   I'M- 

UB Input  Gear Ball 
Size   7Uli« 

SB Herringbone   Pinion  Roller 
Size   19U 

6B Herringbone  Gear Roller 
20U-ÜUO-2 71 

7B Lower Planet   Roller 
20U-OUO-725/-132 

4B Upper Planet    Roller 
563-0'40-ll2/-113 

9B Mast   Ball 
205-0^0-165 

10B Mast  Roller 
563-0'*0-270 

LIB 5LT Spur Gear Roller 
165  x  16;   33   -  11  x  11 

12B 35T Spur Pinion  Roller 
Sf^e   206;   13   - 9 x  11 

13B Pinion Roller 
Size  208 

372 

UiU 

5,176 

Oil LL'i ■. "ib.> AiQ.!_.] 
H ,060 916 

32b 

60 3 

6U8 

1.652 

1.652 

2.025 

14.660 

2,036 

2,668 

1,125 

1.125 

1,520 

125 

329 

3,272 

2.«:*U 

95.30'« 

3.311 

2,9»0 

32.95'« 

2.684 

10.588 

'♦6,037 

71,591 

2,97't 

5,93i| 
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3 
9 LOAtM A;:ü LIVES  -  1200-HOUR TUG. TVI :  liOO in» 

I* Mon«nt 

16 

Hour« T'llcknr** 
[^ (U» .-Va\ J^q  •_ RPM Uii'A.^'.l  

.l'> 

W 

3,272 

9,oao 

2.«*!* 

•M,3ü«4 

3.311 

2 ^ . ü JO 

214.ÜUU 

11.871 

11.871 

*S 

•>* 

37 

Ul 

2.930 11.871 3^ 

32.9 5U 3,011 22 

14,592 3,7U3 11 
(M-50) 

2.68U 808 5 

L0,58B 2 52 U 

46,037 252 3 

7L,59L 3,011 7 

2,97U U.387 15 

5,93it 4,387 6 

^us urn ft«*j rM^i T^ 

 w  
8 «40,000 

1.2J0,ÜÜ0 

830,970 

830.970 

830,970 

361,320 

131,005 

kk,m*o 

27,720 

2U,192 

361,320 

131,610 

175,U80 
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Hi 

(\ 

Bo«rtnit 

UB Piitioit  Ball 
Si««   7212 

15B C«ar  Holler 
...-.   211 

I'.B Gear  Ball 
iizc   7210 

17B S'^T Acccttttory   Drive 
Roller   Size   lUOU 

1HB 39r Atcssory   Drive   Idler 
Koller  Size   1905 

19B 3M' Accesjory  Drive 
(Single   Mush)     Roller Size   1906 

20B Upper  Planetary  Support  Ball 
563-0'40-l20 

21B Lower  Planetary Support  Ball 
563-040-120 

2 2B Herringbone  Gear Support  Ball 
Size  IU0 x  165 

23B Freewheeling   Roller 
Size  1009 

65% - Items  I   through 10 
75% -  Items   11   through 19 

100% -  Items   20  through 23 

Axirtl 

I .6«*3 

5U* 

TABUK  VJ 

IjOrttflng-' 
JUdUl Howni 

827 

3,Uü7 

670 

U98 

U9B 

3U 

HUU 

28 5 

Mr  .ril.^    £ 

3.2 78' 

3.3i8 

4,336 

1*.«22 

2,916 

17.562 

3,280,000 

512,260 

9l,6U5 
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V 
rAHLK VI        Cum imiod 

No<B«nt 
(in.-lb) 

H(J.J 

285 

••nil a 

ÜQ *  

"Mi u röTiM fWm 

3.27H 

3. Ji» 

2,'>16 

17,562 

3,280,000 

512,260 

9L,6U5 

jam. 
n. 

(10 
i 1. k lit» b 
'6 III.) 

•..)•*■ M 

U, 150 .'J 

U. 1 50 / 

^.^O 20 

3,618 lu 

»♦,150 22 

723 13 

2,036 15 

3,011 15 

lA' 

263.220 

22<*.250 

20 7,500 

90 

uuu 

,kb0 

12k 500 

57 840 

210 770 

210 770 
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• AMU   VI I .     SDMMAKY OF FWCTIOfiAL (.EAR UATA  - 

Tang«nli aI Number    Pace Pilch  CTn« 
load |j;um.iial of WiUUt Velocity 
(lb) Pile»» Teeth       (In.)       RPM (ft/win) 

Item 
No. Item »U» 

lu 

2Q 

30 

UG 

5G 

60 

70 

80 

90 

100 

110 

Input   Spiral I ,SUU       1,926 
Bevel   Piiuoii 

Input   Spiral 1,500       1,926 
Bevel   Gear 

Herringbone 1,500      U.631 
Pinion 

Herringbone L. SUÜ      14,631 
Gear 

Lower  Sun Gear    2,000       3,121 

Lower Planet 
Pinion 

With  Sun Gear 2,000       3,121 
With  Ring 2,000       3,121 

Gear 

Lower  Ring  Gear  2,000       3,121 

Upper  Sun Gear    2,000      6,998 

Upper  Planet 
Pinion 

With Sun Gear 2,000      6,998 
With  Ring 2,000       7,305 

Gear 

Upoer Ring Gear  2,000       7,305 

Offset   Spur 375       2,760 
Pinion 

IC.ÜOU 

10.000 

10.176 

10.176 

8.500 

U6    1.20U  2U,ÜOO   28.903 

93    1.200  11.871   28,903 

35     .906  11,871   10,689 

138 ,906  3,011   10,689 

57   l.USO  3,011 

8.500 31 1.U30 3 ,743 3,57U 
8.500 31 1.U30 3 ,7U3 3,57U 

8.500 119 1.200 - - 

7.79 6 ^8 2.26 975 - 

7.796 k3 2.26 808 1,165 
8.138 k3 2.26 808 1,118 

8.138 138 1.737 - - 

8.958 35 1.600 k ,387 k,k87 
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ö 
lOr:AL CEAK UATA -   U'00-llüUR TBO,   TWIN 1500 HP 

*  Pltcl, UM 
Vr l oc i t y 
(n/mln) 

Teaporat urv    Bfi»d i ng 
Rikv            Strom 
(0P)              (pil) 

Conpif»»Ivr 
St re»« 
(pul) 

Bit)  Pilm 
Thickneii 
(In. x  lü-6) 

Avoraga 
PuwtT Lo«» 

(hp) 

NufflbiT 1 

M.T.1,.  r. 

.,000 28.903 168 24,327 156,700 750 3.975 2 

,.871 28.903 168 2U,429 156,700 7 50 3.975 2       ! 

„871 10,689 81 52,053 121.964 95 .866 2 

1,011 10,689 Hl 46,139 121,964 95 .866 2 

1,011 
f 

- 83 40,606 169,699 24 .695 4      1 

l,7U3 
1,7U3 

3.574 
3.574 

83 
28 

4U,902 
45,481 

169,699 
169,224 

24 
29 

.695 

.462 i 

- - 28 47,259 169,224 29 .462 4 

975 - 74 49,928 169,940 15 .662 6 

808 
: 803 

1,165 
1,118 

74 
33 

56,993 
54,329 

169,940 
169,994 

15 
16 

.662 

.636 
- 

[ - - 33 71,333 169,994 16 .636 6 

,38 7 4,487 86 37,421 146,799 31 .661 I 
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TABLE vii - Cd 

Item 
No. Item HP 

Tangential 
Load 
(lb) 

Diametral 
Pitch 

Number 
of 

Teeth 

Face 
Width 
(in.) RPM 

Mtch fl 
Vclocl 
(ft/ml 

12G Offnet     Spur 
Gear 

375 2,760 8.958 51 1.600 3,011 u.uo* 

L3G Sump Bevel 
Pfnion 

375 2,580 7.000 35 1.200 ^,387 5,743 

IkG Sump Bevel 
Gear 

375 2,580 7.000 37 1.200 U,150 5,743 

LSG Accessory 
Spur Pinion 

100 895 10.000 3^ .520 U,150 3,69« 

L6G Accessory 
Spur  Idler 

100 895 10.000 39 .520 3,618 3,694 

L7G Accessory 
Spur Gear 

100 895 10.000 3k .520 4,150 3,69« 
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Z 
tBLE VII   - Continued 

KM- 

,011 

Pitch Line 
Velocity 
(ft/min) 

Temperature 
Rise 
(0F) 

Bending 
Stress 
(psi) 

Compressive 
Stress 
(psi) 

EHD Film 
Thickness 

(in. x 10-6) 

Average 
Power Loss 

(Up) 

Number 
of      ! 

Meshes 

U,i4ü7 Ü6 37,421 146,799 31 .661 i   i 

,387 5,7U3 91 32,600 203,600 750 1.185 i 

,150 5,743 91 32,700 203,600 750 1.185 i   I 

1.150 3,69k 89 40,513 166,981 25 .229 i   | 

i,618 3,69U 89 39,716 166,981 25 .229 2 

,150 

C   ■■ 

3,694 89 40,513 166,981 25 .229 1 
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Oil Pressure Regulator 

Oil Filler Cap 

MMiM 

Figure   7.     Twin   1500-;-IP  Transmission,   3000-Hour  T30. 
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GEARS 

Item No. Name 

IG Input Spiral 

2G Input Spiral 

3G Herringbone 1 

kG Herringbone I 

5G Lower Sun G« 

6G Lower Plane* 

7G Lower Ring (j 

8G Upper Sun 64 

9G Upper Planel 

10G Upper Ring ( 

UG Offset Spur] 

12G Offset Spur! 

13G Sump Bevel l 

1UG Sump Bevel 1 

15G Accessory Si 

16G Accessory Si 

17G Accessory sj 

BEARINGS 

Item No. Name 

SeCTKTN A-A 

IB 

2B 

3B 

kB 

Input PiniO 
Size 208 

Input Pinio 
Size 7211 

Input Gear 
Size 1913 

Input Gear 
Size 7212 

■ '■ i-j.»---. -—.- -„....... -..i; t^rt^ 
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GEARS BEARINGS - Continued 

BEARINGS 

Name 

Input Spiral Bevel Pinion 

Input Spiral Bevel Gear 

Herringbone Pinion 

Herringbone Gear 

Lower Sun Gear 

Lower Planet Pinion 

Lower Ring Gear 

Upper Sun Gear 

Upper Planet Pinion 

Upper Ring Gear 

Offset Spur Pinion 

Offset Spur Gear 

Sump Bevel Pinion 

Sump Bevel Gear 

Accessory Spur Pinion 

Accessory Spur Idler 

Accessory Spur Gear 

Name 

Input Pinion Roller 
Size 208 

Input Pinion Ball 
Size 7211 

Input Gear Roller 
Size 1913 

Input Gear Ball 
Size 7212 

Item No. 

SB 

6B 

7B 

BB 

9B 

10B 

11B 

I2B 

Name 

Herringbone Pinion 
Roller Size 1014 

Herringbone Gear 
Roller 20U-040-271 

Lower Planet Roller 
20't-OUO-725/-l32 

Upper Planet Roller 
563-0't0-112/-113 

Mast Ball 205-0't0-165 

Mast Roller 563-0't0-270 

51T Spur Gear Roller 
165 x 16; 33 - 11 x 11 

35T Spur Gear Roller 
Size 206; 13 - 9 x 11 

13B Pinion Roller Size 208 

1UB Pinion Ball Size 7211 

15B Gear Roller Size 1016 

16B Gear Ball Size  7211 

17B 3W Ace.  Drive Roller 
Size 1005 

I8B 39T Ace.  Idler Roller 
Size 1005 

19B 3UT Ace.  Drive  (Single 
Mesh)  Roller Size  1005 

20B Upper Planetary Support 
Ball  563-040-120 

21B Lower Planetary Support 
Ball  563-040-120 

22B Herringbone Gear Support 
Ball Size 140 x 165 

23B Freewheeling Roller Size 
1009 

mmgmnajiiggg^ ü^m 
■i--^i '—•■'-■ utmi*    
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Tail Rotor Drivi — 
Shaft Adapter 

Figure 7 - Continued, 
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11B 

^^Tir 

To Planetary Jet I 
Accessory Drive TS 

/ 

=S: yssKxmsrfx^r-?, ^^ 
To Planetary Jet and 
R.H. Input Quill 

-V. 

19B 

Generator  Drive 
Pad 

To Freewheel Units 

Hydraulic Pump 
Drive Pad To Manifold and 

L.H.   Input Quill 

VIEW E-E 

- wmmmmmi i 
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To Planetary  Jet  and 
Accessory  Drive Train 

To Mast  Duplex 
Bearing 

\ 

•SECTION F-F 

VIEW E-E 
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From Manifold 

To  R.H.   Input QuiLl 

\ 

V£W C-C 

SECriON D-D 
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TABLE VIII . SUMMARY OF BEARING LOADS AND LIVES  - 

Item Bearing Axial 

Loading  * 
Radial 
(lb) 

Moment 
(in.-lb) 

Bearlr 
not 
Lll 

IB Input  Pinion Roller 
Size  208 

- 913 - 11, 

2B Input  Pinion Ball 
Size  7211 

371 321 140 6, 

3B Input  Gear Roller 
Size  1913 

- 604 - 29, 

UB Input  Gear Ball 
Size  7212 

620 621 299 6. 

5B Herringbone Pinion 
Roller     Size  1014 

- 1,660 - 8. 

6B Herringbone  Gear Roller 
204-040-721 

- 1,649 - 32.' 

7B Lower Planet  Roller 
024-040-725/-132 

- 2,269 - 10, 

8B Upper  Planet  Roller 
563-040-112/-113 

- 10,427 - 6,i 

9B Mast  Ball 
205-040-165 

5,176 2,035 3,272 10,1 

103 Mast  Roller 
563-040-2 70 

- 2,668 - 46,^ 

11B 51T Spur Gear  Roller 
165 x  16;   33   -  11 x 11 

- 1,125 - 71,1 

12 B 351 Spur Gear Roller 
Size  206;   13   -19 x 11 

- 1,125 - 5.( 

13B Pinion  Roller 
Size  208 

- 1,190 - 14,^ 
i 

- ■■ 
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EARING LOADS AND LIVES   -  3000-HOUR TBO,   TWIN 1500  HP 

Ping  * 
ÖiaL 
lb) 

Moment 
(in.-lb) 

Bearing Life 
Hours 
L10 * RPM 

Minimum Film 
Thickness 

CIO"6  in.) DN                       | 

913 - 11,824 24,000 47 960,000 

1 321 140 6,896 24,000 65 1,320,000                1 

; 604 - 29,072 11,871 33 771,615 

621 299 6,496 11,871 42 712,260                I 

|,660 - 8,583 11,871 38 830,970                j 

l,6k9 - 32,964 3,011 22 361,320 

,269 - 10,128 3,743 11 121,005                | 

U27 - 6,048 808 5 44,440 

»035 3,272 10,588 252 4 27,720 

,668 - 46,037 252 3 24,192                j 

Ll25 - 71,591 3,011 22 361,320 

^125 - 5,870 4,387 10 131,610 

,190 - 14,870 4,387 13 175,480 

 —- ■ 11 nmmkM iMMMi imi i ...... :^. ....-■ jdiiajimig^ ^. 
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TA3LE VIII -  Con u 

Item Bearing Axial 

846 

Loading  * 
Radial         Moment 
(lb)          (in.-lb) 

636              i+78 

Bear! 
Hi 

 y 
LUB Pinion Ball 

Size   72IL 

15B Gear  Roller 
Size   1016 

- 3,427 a 

I6B Gear     Ball 
Size   7211 

525 687              317 i 

17B 341 Accessory  Drive Roller 
Size   1005 

18B 39T Accessory   Idler  Roller 
Size   1005 

I9B 341  Accessory   Drive 
(Single   Mesh)   Roller Size   1003 

20B Upper Planetary Support Ball 
563-040-120 

21B Lower Planetary Support Ball 
563-040-120 

223 Harringbone   Gear Support  Ball 
Size  140 x  165 

23B Freewheeling  Roller 
Size   1009 

463 

463 

314 

95 

129 

169 

65% -  Items   I   through 10 
7""   -  Items  11  through 19 

1007o -  Items  20  through 23 

2 

3,231 

5L 

9 

65 
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1 TA1LE VIII    - Continued 

Blng 
fllal 
lb) 

* 
Moment 

(in.-lb) 

(+78 

Bearing  Life 
Hours 
LIO  * 

5,170 

RPM 

i+,387 

Min 
Th 

(10 

imum  Film 
Lckness 
-5   in.) DN 

636 18 241,285 

,k27 - 8,968 4,150 20 332,000                | 

687 
: 

317 6,77U 4,150 17.5 228,250 

463 - 5,503 4,150 7.5 103,750                 ] 

k63 - 6,324 3,618 6.8 93,450 

3lk - 21,138 4,150 7.7 103,750 

- - 3,280,000 723 5 57,840 

_ - 512,260 2,036 8 162,880                 | 

.. _ 9l,6k5 3,011 12 210,770 

.i.v^.:.-^..:.:u.r.----^..^.. .. rfl-illtlilllirtMIMftlH^.^:     ^.^^ii 
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TABLE IX . SUMMARY OF FUNCTI 
TWIN   1500  HP,   30| 

Item 
No. Item HP 

Tangential 
Load 
(lb) 

Diametral 
Pitch 

Number 
of 

Teeth 

Face 
Width 
(in.) RPM 

Pitch  Lineil 
Velocity  j 
(ft/min) 

IG Input Spiral 
Bevel   Pinion 

1,500 1,926 10.000 k6 1.200 24,000 28,903 

2G Input  Spiral 
Bevel   Gear 

1,500 1,926 10.000 93 1.200 11,871 28,903 

3G Herringbone 
Pinion 

1,500 4,631 10.176 35 .906 11,871 10,689     | 

4G Herringbone 
Gear 

1,500 i+,631 10.176 138 .906 3,011 10,689     i 

5G Lower Sun Gear 2,000 3,121 8.500 57 1.596 3,011 - 

6G Lower Planet 
Pinion 

With Sun 
Gear 

With Ring 
Gear 

2,000 

2,000 

3,121 

3,121 

8.500 

8.500 

31 

31 

1.596 

1.596 

3,743 

3,743 

3,574     | 

3,574 

7G Lower  Ring 
Gear 

2,000 3,121 8.500 119 1.356 - - 

8G Upper  Sun  Gear 2,000 6,998 7.796 48 2.529 975 | 

90 Upper  Planet 
Pinion 

With Sun 
Gear 

With  Ring 
Gear 

2,000 

2,000 

6,998 

7,305 

7.796 

8.138 

k2 

k3 

2.529 

2.529 

808 

808 

1,165     I 

1,118 

IDG Upper  Ring 
Gea r 

2,000 7,305 8.138 138 l.9kk - j 

UG Offset   Spur 375 2,760 8.958 35 1.600 4,387 4,487     ] 
Pinion 

Preceding page blank 67 
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.     SUMMARY OF  FUNCTIONAL  GEAR  DATA, 
WIN   1500   HP,   3000-  AND 5000-HOUR  TBO 

RPM 

Pitch  Line 
Velocity 
(ft/min) 

Temperature 
Rise 
(0F) 

Bending 
Stress 

(psi) 

Compress ive 
Stress 
(psi) 

EHD Film 
Thickness 

(in.  x  lO"6) 

Average 
Power  Loss 

(hp) 

Number 
of 

Meshes 

24,000 28,903 168 24,327 156,700 750 3.975 2 

11,871 28,903 168 24,429 156,700 750 3.975 2 

11,871 10,689 81 52,053 121,964 95 .866 2 

3,011 10,689 81 46,139 121,964 95 .866 2 

3,011 - 80 36,890 160,631 25 .709 4 

3,743 3,574 80 40,232 160,631 25 .709 _ 

3,743 3,574 26 40,742 160,630 28 .469 - 

- - 26 41,822 160,630 28 .469 4 

975 - 70 44,618 160,647 15 .671 6 

808 1,165 70 50,878 160,647 L5 .671 - 

808 1,118 32 49,026 160,642 16 .655 - 

- - 32 63,719 160,642 16 .655 6 

4,387 4,487 86 37,421 146,799 31 .661 1 

MMMMMM. MMMBH »n^—M—I  I T i -■   ■■    ■ 
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Item 
No. Item HP 

Tangential 
Load 
(lb) 

Diametral 
Pitch 

Number 
of 

Teeth 

Face 
Width 
(in.) 

12G Offset Spur 
Gear 

375 2,760 3,958 51 1.600 3 

13G Sump Bevel 
Pinion 

37 5 2,580 7,000 35 1.200 k 

LUG Sump Bevel  Gear 375 2,580 7.000 37 1.200 k 

I5G Accessory Spur 
Pinion 

100 395 10.000 3U .520 k 

I6G Accessory Spur 
Idler 

100 895 10,000 39 .520 3 

17G Accessory Spur 
Gear 

100 895 10,000 3'4 .520 k 

, , B „ 
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/? 
TABLE 

 1 

IX    -  Conti 

Item 
No. Item HP 

Tangential 
Load 
(lb) 

Diametral 
Pitch 

Number 
of 

Teeth 

Face 
Width 
(in.) RPM 

Pitch  Lini 
Velocity 
(ft/min) 

12G Offset  Spur 
Oear 

375 2,760 3.958 51 1.600 3,011 4,487 

13G Sump Bevel 
Pinion 

37 5 2,580 7.000 35 1.200 l+,387 5,743 

IkG Sump Bevel  Gear 375 2,580 7.000 37 1.200 U,150 5,743 

I5G Accessory Spur 
Pinion 

100 895 10.000 34 .520 4,150 3,694 

160 Accessory Spur 
Idler 

100 89 5 10.000 39 .520 3,618 3,694 

170 Accessory Spur 
Gear 

100 895 10.000 3'4 .520 4,150 3,694 

Preceding page blank 
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1? 
TABLE IX    -  Conti nued 

RPM 

Pitch  Line 
Velocity 
(ft/min) 

Temperature 
Rise 
(0F) 

Bending 
Stress 
(psi) 

Compressive 
Stress 
(psi) 

EHD Film 
Thickness 
(in. x lO-6) 

Average 
Power  Loss 

(hp) 

Number 
of 

Meshes 

3,011 4,487 86 31,941 146,799 31 .661 1 

4,387 5,743 91 32,600 203,600 750 1.185 1 

4,150 5,743 91 32,700 203,600 750 1.185 1 

U,150 3,694 89 40,513 166,981 25 .229 1 

3,618 3,694 89 39,716 166,981 25 .229 2 

4,150 3,694 89 40,513 166,981 25 .229 1 
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Oil Preosure Regulator 

Pfü-re  a.     Twin  1500-HP Transmission,    'OOO-Mour TBO. 
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GEARS 

Item No. Name 

IG Input Spir-' Bevel Pinion 

2G Input Spiral Bevel Gear 

3G Herringbone Pinion 

UG Herringbone Gear 

5G Lower Sun Gear 

6G Lower Planet Pinion 

7G Lower Ring Gear 

8G Upper Sun Gear 

9G Upper Planet Pinion 

LOG Upper Ring Gear 

1LC Offset Spur Pinion 

12C Offset Spur Gear 

13G Sump Bevel Pinion 

LUG Sump Bevel Gear 

15G Accessory Spur Pinion 

16G Accessory Spur Idler 

17G Accessory Spur Gear 

BEARINGS 

ItM No. Name 

IB Input Pinien Roller 
Siae 207 

2B Input Pinion Ball 
Sisa 7210 

SI Input Gear Roller 
Site 1914 

«B Input Gear Ball 
Sis« 70U 
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BEARINGS   -  Continued 

Name 

Input  Spiral Bevel Pinion 

Input Spiral Bevel Gear 

Herringbone Pinion 

Herringbone Gear 

Lower Sun Gear 

Lower P'      •* Pinion 

Lower Rii...    .ear 

Upper Sun Gear 

Upper Planet Pinion 

Upper Ring Gear 

Offset Spur Pinion 

Offset Spur Gear 

Sump Bevel P nion 

Sump Bevel Gear 

Accessory Spur Pinion 

Accessory Spur Idler 

Accessory Spur Gear 

Name 

Input Pinion Roller 
Six*  207 

Input Pinion Ball 
Sis«  7210 

Input  Gear Roller 
Sise  19U 

Input Gear Ball 
Sise  70U 

Item No. Name 

5B Herringbone  Pinion Roller 
Size 191U 

6B Herringbone Gear Roller 
20U-OUO-271 

7B Lower Planet Roller 
20U-0'»0-725/-132 

SB Upper Planet Roller 
563-0U0-112/-113 

9B Mast  Ball 205-OUO-165 

10B Mast  Roller  563-040-270 

LIB 51T Spur Gear Roller 
165 x 16; 33 - 11 x 11 

12B      35T Spur Pinion Roller 
Slsc 206; 13 - 9 x U 

13B Pinion Roller Size 208 

1UB Pinion Ball Size 7212 

15B Gear Roller Size 211 

16B Gear Ball Size 7210 

I7B       3UT Ace. Drive Roller 
Size 100<4 

IBB       39T Ace. Drive Idler 
Roller Sise 1905 

19B       3UT Ace. Drive (Single 
Mash) Roller Size 1906 

20B       Upper Planetary Support 
Ball 563-cuo-l;0 

21B       Lower Planetary Support 
Ball 563-OU0-l.'0 

22B      Ktrringbone Gear Support 
Jail Sit*   Uo x 165 

23B      freewheeling Roller 
Size 1009 
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Tail   Rotor  Drive 
Shaft  Adapter 

I^K'' X'J 

Figure  C  - Co >t i:>upd. 
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12b 

UG 

x 
w 

19? 

Generator Orlvt 
Pad 

HydrauLlc Puap 
Orlv« Pad 

To Planetary Jet and 
H.H. Input Quill 

To Freewheel Unit* 

Planetar 
ssory 0 

To Manifold and      F 
L.H. Input Quill 
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Planetary Jet and 
jsory Drive Train 

To K-mifold and      F 
l.H. Input Quill 

/ 

To Mast 
Duplex Brg 

\ 

SKION F-F 

V«W EE 
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Prom Manifold 

To R.H.  Input  Quill 

\ 

VEWC-C 

SECTION DO 

»JMMIMMnri^ i< ■ -.t...^.-^J-.^.^^..J..,.. 



(-^y;j|Wyi<wlp|»jllB|p»IIIJ,»LilJJI»!»ll»!i<»l"lli^'«l."II.^TM>,--.l?.lW «P^II'y'WTtf^'ilL'iilllil1 WPWWW» 

/I 
TABLE X .  SUMMARiT OF LOADS AND LIVES 

Item Bearing 

IB      Input Pinion Roller 
Size 207 

2B      Input Pinion Ball 
Size 7210 

3B      Input Gear Roller 
Size 1914 

kn Input Gear Ball 
Size 7014 

Loading * 
Radial   Moment 

Axial    fib)   (in.-lb) 

372 

490 

916 

326 

605 

648 

125 

329 

5b Herringbone Pinion Roller 
Size 1914 

- 1,652 

6B :._'r:*i'^bone Gear Roller 
204 ■■i•■, ^.71 

- 1,652 

7B Lower PI v,v Roller 
204-040-7^:, -.'..^ 

- 2,025 

8B Upper Planet Rui^.f 
563-040-112/-113 

- 4,660 

9B Mast Ball 
205-040-165 

5,176 2,036 3 

10B Mast Roller 
563-040-270 

- 2,668 

11B 51T Spur Gear Roller 
165 x 16; 33 - 11 x 11 

- 1,125 

12B 35T Spur Pinion Roller 
Size 206; 13 - 9 x 11 

- 1,125 

13B Pinion Ball 
Size 208 

- 1,52* 

75 
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Z^7 

IDS AND LIVES   -   6000-HOUR  TBO,   TWIN  1500   HP 

125 

329 

3,272 

9,080 24,000 M J 

13,376 24,000 58 

98,304 11,871 J7 

13,244 11,871 41 

11,920 11,871 3 5 

32,964 3,011 22 

18,368 3,74 3 11 

1,0,736 808 5 

10,588 252 14 

46,037 252 3 

71,591 3,01.1 7 

11,890 4,387 15 

2.1,736 4,38 7 6 

•ng  * Bearing Life 9.i riimum Film 
    

a]_        Moment Hours Thickness 
(lO-6 in.) )         (in.-lb) L10 * RPM 1 ON 

840,000 

1,2CG,0Ü0 

830,9 70 

130,970 

830.97:: 

36iT:
:.:cO 

131,005 

44,^40 

27,720 

24,192 

361,320 

131,61.0 

175,'+80 

L ■■■*>.' r.iUäüiakäHia 
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TABLE X - Con] 

Item Bearing Axial 

Loading * 
Radial       Moment 
(lb)        (in.-lb) 

Bea 

IkS Pinion Ball 
Size 7212 

1,643 827 800 

15B Gear   Roller 
Size 211 

- 3,407 - 
1 

16B Gear Ball 
Size 7210 

504 670 285 

17B 3kT Accessory Drive 
Roller Size 100U 

- 498 - i 
183 39T Accessory Drive Idler 

Roller Size 1905 
- 49b - i 

19B 34T Accessory Drive 
(Single Mesh)  Roller Size 1906 

- 314 - i 
■ 

20B Upper Planetary    Support Ball 
563-040-120 

- - - 3,2 

21B Lower Planetary Support Ball 
563-040-120 

- - - s; 

22B Herringbone Gear Support Ball 
Size    140 x 165 

- - - < 

! 
23B Freewheeling Roller 

Size 1009 
- - - 

*    65% 
75% 

100% 

Items 1 through 10 
Items 11 through 19 
Items 20 through 23 

77 
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TABLE X -  Continued 

ing * Bearing Life Minimum Film 
ial Moment Hours Thickness 
b") (in.-lb) L10  * RPM (10 -ö   in • ) DN 

827 800 13,112 4,387 8 263,220 

407 - 13,592 4,150 23 228,250 

670 285 17,344 4,150 7 207,500 

498 - 19,288 4,150 20 83,000 

498 - 11,664 3,618 10 90,450 

314 - 17,562 4,150 22 124,500 

f 

- 3,280,000 723 13 57,840 

- - 512,260 2,036 15 210,770 

- - 91,645 3,011 15 210,770 

_ - - _ _ - 

- 

MM^HM ^^atm^ttmmim^m 
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Hydraulic Pump 
Drive Pad 

Oil Breather 

■■ 

Pigure  9.     Twin UOOO-HP Transmission,   1200-Hour T30. 
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ntr.iior Drlvt 
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OIL Filler dp 
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Engine Gearbox 
(Primary Reduction) •Tri 
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Tail  Itotor  Drtv« 
Sh«tt  AOapivr 

S< I m 

— Oil   Punp 

Oil  ftMH> Cooling  fin» 

OtAM 

I*:*** JL sei 
10 Eng In« Crb«J 

20 D»«ln« Orbs« 

JO Input Spiral 

M; (A) Input Spiral 
Oil Puap ral 

VI tewor Sun Ol 

fco tower Planal 

70 tewor Rlnf ( 

10 Upptr Sun d 

%c Uppor PlMid 

100 Uppor King 

uo Tall Rotorj 
Tokooff ü  1 

120 Oon. and M 
T«k*otr  SpS 

130 (A) 
(•) 

Oonarator 1 
Hydr. P«a^1 

IMS Hy<lr.   Puf^l 

lie Oil Puap Od 

ISAaiNGS 

it- wo.       KM« 

IB 

2B 

3B 

ChiIn» Coal 
Roller SlsJ 

Btgln« C«a| 
Boll Slso 

Dtgln« Cod 
Roller Sid 



J 

(A) 
(I) 

(A) 
(1) 

Utlim • ssaUiia^ 

Bniln« Crbs.  Spiral  ••»•I  Plnlc 

Dtgln« Crbv.  Spiral  tov«! G««r 

Input  Spiral  Mwal  Pinion 

Input Spiral  Mval Caar 
Oil Puf^t Taliaoff Spur 

Lowar Sun Caar 

Lowar Planat Pinion 

Lower  Ring Caar 

Uppar Sun Caar 

Uppar Planat  Pinion 

Uppar ling Caar 

Tall  Rotor and Accaaa  Oriva 
Takaeff Spiral Baval 

Can. and Hydr.  Pu«p Oriva 
Takaoft Spur 

Canarator Oriva Spur 
Hydr.  Puap Oriva  Takaeff  Spur 

Hydr.  Puap Oriva  Spur 

Oil Puap Orlv« Spur 

«it 

M 

91 

10» 

gas« 

D>glna CaarboK Pinion 
Rollar Slia  1020 

a Ina Gearbox Pinion 
I Slia  7218 

Eng Ina Caarbo« Caar 
lall Slaa  701« 

Input Pinion Rollar 
Slia I92h 

Input Pinion tall 
Slaa  702ii 

Input Caar Rollar 
SUa  36 - 12.5 »  l* ■  7.WJ5 PO 

Input Caar Rail 
SUa  1932 

Lowar Planat  Rollar 
Slaa  17 * 19 a 5.5707 po 
2 Row«:     19 Rollara/Row 

Uppar Planat  Rollar 
Slaa  1/2 K  .85 x  7.500 PD 
2 Rowai    30 Rollara/Row 

Haat  »all 
SUa  723<i-92M 

Matt Rollar 
SUa 2U  ■  15 M   17  K  5.ii925 PD 

Tall Rotor and Accaaa  Baval 
Ball SUa   712U 

Canarator Oriva Ball 
SUa KObOCP (Kaydon) 

Hvdr.  Puop Drlva  Ball 
SUa KObOCP (Kaydon) 

Oil PtMp Oriva  Ball 
SUa 26 x 52 » 15 

Planatary Support  Ball 
SUa AP65AH (Kaydon) 

Fraawhaaling Ball 
SUa KO««5XP (Kaydon) 

Dtgina Caarbox Caar 
Rollar SUa  1020 



/ 

wo 
f 

CL TranMlttion 
Input Pinion 

Mil*« iwmi-^ut •tau(fi 

Figure 9  - Continued. 
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TAMie XI .      :.im**t Of »tJMIHÜ UMUi  A.'.ii 

JJL£S. It*.*'*1*. 
IB i.-.K--«■   Gvarbox Plnio.l    toiler 

Si««   lo.'o 

2B IU«Uic     i^arUJh   Pinion Ball 
Stl«   7Uli 

3B Rngiiw G«art«oM    Grar K;:. i 
Si<c    lU.'U 

<«B •-■•K- ■•-   GearUim  Urar Boll 
Si««   701« 

■'» li.jAii   Pinion Koiicr 
Sue   1020 

6B Input  Pinion Boll 
Sue   •'•;•. 

H Input     Goar Boiler 
Si«e   36-12.S  «   U  x   7.3U2)  PO 

«B Input   Gear Ball 
Site  1932 

*B Lower  Planet   Roller 
2 Row«:   19  Rollers/Row 
SUe  17 x   19  K  S.S707 fu 

10B Upper Planet   Roller 
2  Raws:   30  Rollerit/Row 
Sise   1/2  x   .Bi *  7.^00 PO 

11B Han  Ball 
Sise   723i«-923<* 

12B Haut   Roller 
Site  2<4-lS x  17  »  :.*>:: PO 

«Sing  • 
Radial        No«ont 

Axial t\b) (in.-lb) 

3.1*95 

1.717 J.029 1.4<*3 

««.070 

72«« 1.367 HI.: 

3.27S 

2.036 1>»7 J.kt? 

«•.99 2 

2.762 2.332 «*.162 

t.kbl 

10.610 

2S.065      9I3«5       27.296 

12.306 

»3 

^f ctfi( w i Mut 



d 
JMU UMUS  AMi LtVtS   -   UUU-ilüUK   «BO,   TWIN <«(IUU ill- 

s 

7S 

2 

12 

61 

06 

(in.-lb) 
Hour« 

19 l.S<i3 

ro 

««,; 

2.««97 

«.162 

15       27.296 

«OIC 

2.92«« 

2.750 

3,08(1 

2.8<i2 

'..716 

2.822 

.W2L 

">4i«f«u«TiT«r 
lliickit«:»« 

(to-fe   In) 

9,000 

9.000 

6.090 

6,0iJ 

31- 

151 

«3.6 

«B.-W 

32.6 

32.2 

3.68 0 6.090 35.7 

2.77«. 6.090 «2.2 

3.086 2.268 20.9 

3.336 2. 26» 2«. 7 

3.2'«0 1.293 11.7 

rsixi 

JÄ  

900.0JJ 

810.000 

609.000 

5U8.10U 

730.800 

730.800 

365.960 

362.880 

11.7 136.853 

'>.! 55.102 

5.« 25.670 

2.3 16.520 
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 " 
TABLE XI   -   ContlJ 

1  i   «m tvariuiL Axial 

LoadTnK 
RadlaL 
(lb) 

T 
Moment 

(In.-lb) 

Toil   Rotor   .ui.l  Accc»«  Bevel 
Site   712U 

Ball 721 2.202 1.71U 

iMiuraior  Drive  Ball 
Siie K0U0CP.   2  on S\\aH   (Ka/ttotU - 

71 
156 

Hydraulic  Pump Orive Ball 
Sit« K0U0CP (kaydon) 

- 53 1 

Oil  Pump Drive Ball 
Sise  26 K  52  x  15 

- - - 

Planetary Support  Ball 
Site KF65AH (Kaydon) 

- - - 

Freewheel ing    Ball 
Site K0U5XP (Kaydon) 

- - i 

•     654 
1004 

75% 
No c« 

•  Item«  lb  Through 10B 
- He«»   LIB and  12B 
- Items  138  through     I SB 
Iculations  are  made for  items 16B  th rough  L8B 

H5 

Praniif pifi M»k 
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3 
1 

TABLE XI   - Continued 

Kg   * 
il         Moment 
)         (In.-lb) 

)2         1,71U 

Bearing Life 
Hours 
LIO * RPM 

Minimum Film 
Thickness 

(lO-6   in.) DN 

2,808 k,9U3 3'4,9 593,160 

7,520  (l) 
6,060 (2) 

6,355 28.5 
28.1 

645,178 

»3 12,732 3,813 19.7 387,107 

■        

- 

  

- - 

 ■■ — ^^^ . 
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/9 
TABLE XII . SUMMARY OF 

TWIN 4800  H 

Item 
No. Item HP 

Tangential 
Load 
(lb) 

Diametral 
Pitch 

Number     Face 
of         Width 

Teeth       (in.) RPM 

Pitch, 
Velo 
(ft/ 

IG 

2G 

Engine Gear- 
box Spiral 
Bevel  Pinion 

Engine  Gear- 
box Spiral 
Bevel   Gear 

4,800 

4,800 

8,79 7 

8,797 

7.75 

7.75 

67         2.500 

99         2.500 

9,000 

6,091 

20,3 

20,3; 

3G Input  Spiral 
Bevel  Pinion 

4,800 9,770 7.75 86         2.750 6,091 17,4^ 

UG(A) 

(B) 

Input Spiral 
Bevel Gear 
Oil Pump 
Takeoff Spur 

4,800 

10 

9,770 

93 

7.75 

10.00 

231         2.750 

60            .500 

2,268 

2,268 

17,44 

3,5( 

5G Lower Sun 
Gear 

6,400 9,970 5.3817 43          2.600 2,268 -   j 

6G Lower Planet 
Pinion 

With Sun 
Gear 

With Ring 
Gear 

6,400 

6,400 

9,970 

9,970 

5.3817 

5.6181 

43         2.400 

43         2.400 

1,878 

1,878 

4,0; 

4,0! 

7G Lower Ring 
Gear 

6,400 9,970 5.6181 138         2.200 - - 

8G Upper Sua 
Gear 

6,400 19,474 4.1586 48         3.800 585 - 

9G Upper Planet 
Pinion 

With Sun 
Gear 

With Ring 
Gear 

6,400 

6,400 

19,474 

19,474 

4.1586 

4.3414 

43         3.650 

43         3.650 

485 

485 

1,31 
1  H 

87 

page blank 

g^^i^^itiimamimMm-]'-■■■■■■■■■■^•^^J^'~-'' ■    ■ ——■■■- 



■ •r<'Wl'Wiii«.j|w-ii*iif"wl 't" w ,rw VKWf^fP- w^'^iif*!'''rcv'tr;v,',l,-Wt^''tfl wvwr-^f*^?"1: jf^nfOPRRISRHnRK^ 

IARY OF FUNCTIONAL GEAR DATA, 
I 4800 HP, 1200-HOUR TBO 

Pitch Line    Temperataire    Bending    Comt'? i;-IVP     EHD Film Average 
Velocity              Rise                Stress Stre.   , Ttuck'rss Powur  Lc 
(ft/min) (°F) (psi) (psi) (in. r :.0~h (hp) 

20,370 132 38,971       185,595 13,335 

dumber j 

VI« S'1 ,«3  j 

20,370 132 36,714 189,595 750 L? .X> ':. 'J 

17,486 114 33,571 147,022 750 8.40. - 

17,486 114 37,861 147,02 2 750 8.402 2 

3,563 43 4,522 73,720 29.05 .032 1 

- 68 38,617 163,48 7 28.5 1.274 4 

4,055 68 48,541 163,487 28.5 1.274 ^ 

4,055 31 36,418 146,457 29.5 1.298 - 

" 31 53,381 146,457 29.5 1.298 4 

- 67 39,569 162,874 16.5 1.269 6 

1,319 67 47,207 162,874 16.5 1.269 _ 

1,319 32 38,535 142,656 17.1 1.358 - 

11 — 
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/l 

Item 
No. 

TABLE XII    -   CJ 

Item HP 

Tangential 
Load 
(lb) 

Diametral 
Pitch 

Number 
of 

Teeth 

Face 
Width 
(in.) RPM 

Pitch] 
Velod 
(ft/I 

10G Upper  Ring 
Gear 

6,400 19,474 4.3414 138 3.500 -- -- 

1IG Tail  Rotor & 
Ace.   Drive 
Takeoff 
Spiral Bevel 

1,010 2,206 8.856 106 .700 4,943 15,49! 

12G Gen.  & Hydr. 
Pump Drive 
Takeoff  Spur 

65 184 8.0 72 .400 4,943 11,641 

1 

13G(A)Gen.   Drive  Spur 
j        (B)Hydr.  Pump 

Drive Takeoff 
Spur 

65 
15 

184 
50 

8.0 
8.0 

56 
'+8 

.300 

.300 
6,355 
6,355 

11,64] 
9,9« 

1UG Kydr.  Pump 
Drive  Spur 

15 50 8.0 80 .20 3,813 9,9( 

15G Oil Pump Drive 
Spur 

10 93 10.0 36 .25 3,780 3,51 

Preceding page blank 
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3 
IBLE XII   - Continued 

RPM 

Pitch Line 
Velocity 
(ft/min) 

Temperature 
Rise 
(0F) 

Bending 
Stress 

(psi) 

Compressive 
Stress 
(psi) 

EUD Film 
Thickness 

(in. x 10-6) 

Average 
Power Loss 

(hp) 

Number! 
of 

Meshes 

I-- -- 32 50,575 142,656 17.1 1.358 6 

■♦,943 15,490 97 42,462 141,536 750 2.112 1     1 

Vk,9k3 11,647 36 7,567 73,347 750 .074 2 

16,355 
16,355 

11,647 
9,982 

36 
16 

10,021 
2,626 

73,347 
45,393 

750 
50.1 

.074 

.020 
2 
2     | 

b,813 9,982 16 3,734 46,393 50.1 .020 2     | 

[3,780 3,563 43 8,038 73,720 29.05 .032 1 

t , _^ 
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1  Engine Gej 
(Primary Rl 

Figure 10,  Twin UGOO-HP Transmission, 3000-Hour TBO. 
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130 (B) 

r Drive 

S Oil Filler Cap 

— Engine Gearbox 
(Primary Recuction) 

10B 

Swr-J    / l3C (8) 

^■^    //   HO  (A) 

~~Xr 

17B 

HB — 

8G — 
SB — 

100 

8B   / 

J 



'> 

^v 

»ot 

^^-^     / /    13C   (A) 

^'M^jxi 

8    ?: 
H 

Ba  / 

Tall  Rotor Driv« 
Shaft  Adapttr 

^       Oil Pump 

Pump Inlet 

Screen 



c- 

tor  Drlv« 
^dapttr 

Ut 

Oil  Sump  CoolinK  Pin» 

Q«AM 

It— Ho. 

IC 

20 

30 

«♦O     (A) 
<•) 

5C 

60 

70 

80 

90 

100 

UO 

120 

130     (A) 
(B) 

IkQ 

150 

N«m> 

Engln« Orb».  Spiral  Bcvtl Pinion 

Dtgln« Orb».  Spiral  B«v*l GMr 

Input  Spiral  Baval   Pinion 

Input  Spiral  Baval Oaar 
Oil Puap Takaoff  Spur 

Lowtr Sun Caar 

Lowtr Planat Pinion 

Lowtr Ring Oaar 

Uppar  Sun Gear 

Uppar Planat  Pinion 

Uppar Ring Oaar 

Tall Rotor and Acceas  Drlva 
Takaoff  Spiral  Beval 

Can. and  Hydr.   Pump  Drive 
Takaoff Spur 

Oanarator Drlva Spur 
Hydr.  Pump Drlva Takaoff  Spur 

Hydr.  Pump Drive  Spur 

Oil Pump  Drive Spur 

BEARINGS 

Item No. Name 

IB Engine Grbx.  Pinion Roller 
Site 1020 

2B Engine Grbx.  Pinion Ball 
Site  7220 

3B Engine Orb».  Gear Roller 
Site 1021 



Dt(ln« Crt». Spiral B»v«l Pinion 

BngIn« Crbx. Spiral Baval C««r 

Input Spiral Baval Pinion 

(A)  Input S>lral B«v«l Caar 
(S)  Oll Pua*) Taktott Spur 

Lowar Sun Caar 

Lowtr Planat Pinion 

Lowar Ring Caar 

Uppar Sun Caar 

Uppar Planat Pinion 

Uppar Ring Caar 

Tall Rotor and Accata Drlva 
Takaoff Spiral Baval 

Can. and Hydr. Pump Orlva 
Takaoff Spur 

Canarator Orlva Spur 
Hydr. Pump Drlva Takaoff Spur 

Hydr. Pu«p Orlva Spur 

Oil Pump Drive Spur 

"ARIHCS 

L Wo. Nama 

Bnglna Crbx. Pinion Rollar 
Slaa 1020 

Bnglna Crbx. Pinion Ball 
Slaa 7220 

DigIna Crbx. Caar Rollar 
Slaa 1021 

■EARIWOS - Contlnuad 

Ita« Ho. Warna 

**B Eng Ina Crbx.  Caar Ball 
Slaa 7216 

SB Input Pinion Rollar 
Slaa 1020 

6B Input Pinion Ball 
Slaa 7219 

7B Input Caar Rollar 
Slaa JO  - 15 x  n  x  7.Mt PD 

SB Input Caar Ball 
Slaa 7030 

9B Uwar Planat Rollar 
Slaa 21 x 21 x  S.692B PD 
2 Rowas     16 Rollar«/Row 

10B Upp*r Planat Rollar 
Slaa 19 x 26 x  7.2S2 PD 
2 Row« i     2<* Rolle .-a/Row 

11B Maat Ball 
Slaa 723U-923U 

12B Maat Rollar 
Slaa 1022 

13B Tall Rotor and Arc««« Baval 
Ball Slaa 7026 

IUB Canarator Drlva Ball 
Slaa KObOCP (Kaydon) 

I SB Hydr. Pump Drlva  Ball 
Slaa KOMKP (Kaydon) 

16B Oil Pump Drlva  Ball 
Slaa 26 x 32 x IS 

17B Planatary Support  Ball 
Slaa KP63AH (Kaydon) 

IBB Praewhaallng Ball 
Slaa KJ*5XP  (Kaydon) 
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Item 

/I 
TANM:  XIII.      itMM^tl-   UK   H^UlSo  I.'MI^   ANU   LlVt^   J 

Bearing  

IB £iigiiK G«arbox  Pinion  Koller 
Six«   1".-" 

-'B t.:,,.-ji.i-   M-ai IJI.X   Fiition Ball 
Siaee   7220 

3B ti.f'jiu-   GcarbuK   Gear     Roller 
size urn 

<*B Cngine Cedrbox    Gedr Ball 
Sltt   7216 

5B In..MI   Pinion  Roller 
Size   IU2Ü 

6B Input  Pinion Ball 
Size   7219 

LoadT M. 
feiUlal        Mam»nt 

AKlal Qfej ÜilLlL.bi. 

3.5U 

l.«««9 l,9«b 1.600 

U.ül«. 

712 I.U25 

3.1*23 

7B Input   Gear     Roller 
Sl^e   30-15  x   15  x   7.UU  PO 

- 

8B Input   Gear  Ball 
Size   7030 

2.7U7 

9B Lower Planet   Roller 
2   Row«:   16  Rollers/Row 
Size  21  x  21   x   5.6928  PD 

- 

1UB Upper Planet   Roller 
2   Rows:   21«   Rollers/Row 
Size   19  x  26  x   7.252   PO 

- 

LIB Hast   Ball 
Size   723'«-923*« 

25,065 

L2B Hast   Roller 
Size  1022 

- 

6.999 

l'*tl89 

12.392 

»76 

3.052 l,Wt6 1.7U 

5.001 

friert in pan bimk 
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rt V 
INC LOAUS  AND LIVti   -  3UUU-ilO*JK   IHo.   TWIN UHUU HP 

Ul Momrt.l 

,9M«. l,6UU 

876 

M6 1.71t« 

390 ^.22 3 

BcarHtg Life 
lloun 

.„.UQ_5 

5.'♦72 

6.U92 

5,026 

5.288 

5.00J 

5,6UU 

S.UIO 

5,936 

6,3Ui* 

5,980 

.0. 27,712 5,728 

392 m 5,152 

KPM 

9.000 

9.000 

6.090 

6,090 

6,090 

6,090 

2,268 

\K\ n£muB "Piltn 

(10-t»   In.) 

55.8 

55.8 

3U.9 

32.6 

33.1 

U0.5 

22.2 

  DN__ 

900,000 

900,000 

639,'♦50 

487,200 

609,000 

578,550 

360,232 

2,268 25.5 170,100 

1.293 12.5 132,516 

33U 5.5 US, 78'* 

151 k.l 25,670 

151 2.U 16,520 
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I tent 

TABLE XIII - Continues 

Bearing 

Loading * 
Radial        Moment 

Axial (lb) (in.-lb) 

L3B Tail  Rotor and   Access Bevel Ball 
Size   7026 

1UB Generator,   Drive  Ball 
Size KDUOCP,   2   on  Shaft 

L5B Hydraulic  Pump  Drive Ball 
Size KDUOCP (Kaydon) 

I6B Oil Pump Drive Ball 
Size 26 x 52 x     15 

17B Planetary Support  Ball 
Size KF65AH (Kaydon) 

L8B Freewheeling Ball 
Size KDit5XP (Kaydon) 

755   2,053 

71 
156 

65% - Items IB through LOB 
100% - Items 11B and 128 
75% - Items 13B through 15B 

No calculations are made for items 16B through 18B 

1,849 

53 

Preceding page blank 
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Ö 
w  
ITABLE XIII - Continued 

l»g * Bearing Life Minimum Film 
Bl Moment Hours Thickness 
? (in.-Lo )                L10 * RPM (LO"6   in.) DN                     | 

13 1,849 7,862 4,9U3 39.9 889,740 

71 h 7,520   (1) 6,355 28.5 645,178 
56 it 6,060 (2) 28.1 

53 12,732 3,813 19.7 387,107 

- - - - | 

- - - - - 

\ 

L    
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TABLE XIV . SUMMARY OF FUNcI 
TWIN 4300  HP,  31 

Item 
No. Item HP 

Tangential 
Load 
(lb) 

Diametral 
Pitch 

Number 
of 

Teeth 

Face 
Width 
(in.) RPM 

Pitch 
Veloc 
(ft/a 

IG Engine  Gearbox 
Spiral  Bevel 
Pinion 

^48 00 8,797 7.75 67 2.5 9,000 20,3! 

2G Engine  Gearbox 
Spiral Bevel 
Gear 

itS 00 8,797 7.75 99 2.5 6,091 20,3! 

3G Input  Spiral 
Bevel Pinion 

^4800 9,770 7.75 86 2.75 6,091 17,4) 

itG(A)Input  Spiral 
Bevel  Gear 

(B)Oil Pump 
Takeoff  Spur 

^48 00 

10 

9,770 

93 

7.75 

10.0 

231 

60 

2.75 

.50 

2,268 

2,268 

17,4, 

3,5« 

5G Lower Sun 
Gear 

6400 9.607 5.185 43 2.70 2,268 - 

6G Lower Planet 
Pinion 

With  Sun 
Gear 

With Ring 
Gear 

6403 

6400 

9,607 

9,607 

5.186 

5.414 

43 

43 

2.60 

2.60 

1,878 

1,878 

4,0« 

4,01 

7G Lower  Ring 
Gear 

6430 9,607 5.414 138 2.40 - - 

8G Upper Sun 
Gear 

6400 19,474 4.1586 i48 4.10 585 - 

9G Upper Planet 
Pinion 

With    Sun 
Gear 

With Ring 
Gear 

6400 

6400 

19,474 

19,474 

4.1586 

4.3414 

43 

43 

3.90 

3.90 

i485 

485 

1,31 

1,31 

Precedinf page blank 
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OF FUNCTIONAL GEAR DATA, 
PO   HP,   3000-AND  6000-HOUR TBO 

Pitch Line     Temperature    Bending     Compressive  EHD Film Average    Number 
Velocity              Rise             Stress           Stress Thickness  , Power of 
(ft/min) (^F) (psi) (psi) (in. x 10"b)       Loss Meshes 

20,370 132 38,971 189,595 50.0 13.335 

20,370 132 36,714 189,595 50.0 13.335 

17,486 11U 38,571 147,022 50.0 8.402 

17,486 114 37,861 147,022 50.0 

3,563 43 4,522 73,720 29.05 

8.402 

.032 

70 35,895 151,619 28.5 1.272 

4,055 1) 

4,055 30 

- 30 

70 

39,279 151,619 28.5 

32,784 135,723 29.5 

48,852 135,723 29.5 

38,612 157,868 16.5 

1.272 - 

1.313 - 

1.313 4 

1.285 6 

1,319 70 41,589 157,868 16.5 

1,319 31 37,837 138,893 17.1 

1.285 

1.402 

'•----■■ ■ ■ ■■■■■   ■ ;, 
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TABLE XIV   - Continj 

Item 
No.       Item HP 

Tangential 
Load 
(lb) 

Diametral 
Pitch 

Number 
of 

Teeth 

Face 
Width 
(in.) RPM 

Pitch Line; 
Velocity 
(ft/min) 

10G      Upper Ring 
Gear 

6400 19,474 4.J414 138 3.70 - - 

11G      Tail Rotor & 
Ace .   Drive 
Takeoff 
Spiral     Bevel 

1010 2,206 8.856 106 .70 4,943 15,490 

12G      Gen.  & Hydr. 
Pump Drive 
Takeoff Spur 

65 184 8.0 72 .40 4,943 11,647 

13G(A)Gen.  Drive 
Spur 

(B)Hydr.  Pump 
Drive Takeoff 
Spur 

65 

15 

184 

50 

8.0 

8.0 

56 

48 

.30 

.30 

6,355 

6,355 

11,647 

9,982 

IkG      Hydr.  Pump 
Drive  Spur 

10 50 8.0 80 .20 3,813 9,982 

15G      Oil  Pump  Drive 
Spur 

10 93 10.0 36 .25 3,780 3,563 

Preceding page blank 
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V 
LE XIV   - Continued 

>M 

Pitch Line 
Velocity 
(ft/min) 

Temperature 
Rise 
(0F) 

Bending 
Stress 

(psi) 

Compress ive 
Stress 

(psi) 

EDH Film 
Thickness 
(in.  x 10-6) 

Average 
Power 
Loss 

Number 
of 

Meshes 

- - 31 50,463 138,893 17.1 1.402 6 

>W 15,490 97 42,462 141,536 50.0 2.112 1 

»43 11,647 36 7,567 73,347 50.0 .074 1 

J55 11,647 36 10,021 73,347 50.0 .074 2 

J55 9,982 16 2,626 46,393 50.1 .020 2 

113 9,982 16 3,734 46,393 50.1 .020 2 

'80 3,563 43 8,038 73,720 29,05 .032 1 

mmmmm^mmm mm* ■-■---■-     ■ ■ 
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Hydraulic Pump 
Drlvi Pad 

OIL Breather 

Generator Drive 
Pad 

Engine o| 
(Prlmaryf 

Pigare 11.  Twin i»800-HP TrantTii ss ion . 6000-Hour TBO. 
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IJJ 

G«n«rator Uriv« 
Pad 

Oil PilIrr Cap 

10B  

7C. 

iC 

»«••Mt 

■Jf*'& 

I 

Engine Gearbox 
(Priirary  ne(lu<tion) 

10G 



c 

no (») 

Tall  Roror  Drive 
Sh«it  Ai.i'ici 

• 6,. 
j/-.: T'LU'-r- \). ii 

Punp  InI«I 
Scre«n 

Oil  Pu-^p 

Oil  Sutip Cooling Fin» 



D 

»r  Orlv» 
ipi«r 

-   I; 

Oll   S-i.  Coollni  fin« 

i 1 

I       ,    / 

'■  1 I 

"- WO. 

ic 

10 

10 

WG     (A) 
(■) 

iC 

60 

7G 

»G 

<*G 

IOC 

uc 

120 

l)C     (A) 

1*0 

190 

tnjln» CrbK.  Spiral t*v«l Pinion 

En|ln« CrbK.  Spiral Bovol c««r 

Input  Spiral  baval Pinion 

Input  Spiral  B«v«l Caar 
Oil Puap Takaotf   Spur 

Lower Sun Caar 

Lower  Planat  Pinion 

Lowar Ring Caar 

Uppar Sun Caar 

Uppar Planat  Pinion 

U^par Ring Gaar 

Tall Rotor and Acetat  Orlva 
Takaoff Spiral »aval 

Can. and Hydr. PUMP Orlv« 
Takaoff Spur 

Can«rat or  Drive  Spur 
Hydr.  Puap Drive  rakaeff  Spur 

Hydr. Puap Drive  Spur 

Oil Puop Drive Spur 

SEWINGS 

I.e. so. Xawe 

IB engine CearboM Pinion 
Roller Slaa 1020 

2R Cnglna Gearbo» Pinion 
Ball Slia 721« 

IB engine Gearbo« Gear 
Roller Slae   1020 



I 

■tAMWOS  -  ConHwu««» 

Bngln« Crb*. Splr«l Mvtl rlnlc 

b>gtn« Crb«.  Spiral ••«•I C««r 

Input   Splr«! Mv«l pinion 

Input   Spiral Bavtl ..»»r 
Oll   fuap Taktoff   Spur 

Low«r Sun Ctar 

Lowar Planai Pinion 

Lowar Ring Caar 

Uppar Sun Caar 

Uppar Planat Pinion 

Upper Ring Caar 

Tall Rotor and Accaia Orlva 
Takaoft Spiral »aval 

Can. and Hydr. Puap Drlvt 
Takaofr Spur 

Oonorator Driva Spur 
Hydr. Puap Orlva Takaetf Spur 

Hydr. Puap Drlva Spur 

Oil Puap Drlva Spur 

But In« CaarboK Pinion 
Rollar Slaa 1020 

Cnglna Gaarbov Pinion 
•all Slsa 7218 

Eng Ina Caarbo« Caar 
Rollar Slca 1020 

Itf ^o. Xaaia 

<•• Eng Ina CaarboK Caar 
»all Slaa 701« 

5R Input Pinion Rollar 
Slaa  19.'«. 

61 Input  Pinion Rail 
Slaa   702<« 

7R Input  Caar Rollar 
Slaa   36  - 12.) a  U K  >.**.'. PD 

tR Input  Caar Rail 
Slaa   1932 

9R Uowar Planat  Rollar 
Slaa   17  a 19 a &.S707  PO 
2  Rovai     19 Rollara/Row 

10R Uppar Planat  Rollar 
Slaa  1/2  a  .•) a  7.S00 PD 
2  Iowa i     30 Rollcra/Row 

Naat  Rail 
Slaa   723<i-923u 

Maat  Rollar 
Slaa  2U .  IS a 17 a S.U92S PD 

Tall Rotor and Accaaa Raval 
Sail Slaa  712U 

Canarator Drlva ball 
Slaa iu*0(7 (Kaydon) 

Hydr.  P-Mp Drlva Ball 
Slaa  KOfcOCP (Kaydon) 

Oil  Puap Driva  Ball 
Slaa 26 a &2 a IS 

Planatary Support  Ball 
Slaa AP6SAH (Kaydon) 

Praawbaallng Ball 
Slaa KDUSXP (Kaydon) 

J 
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CL Eng in» 

CL Transaiulon 
Input  Pinion 
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lA'U.K XV.     SUMMARY OP BEARING  LOADS AND LIVES 

Item Bcarintt 

leal 
Radial        Moment j 

Axial db) (In.-lb) j 

IB 

2B 

3B 

UB 

SB 

<>B 

7B 

8B 

9B 

LOB 

LIB 

L2B 

Engine  Oearbox Pinion RoLLer 
Size  LÜ20 

Engine  Gearbox Pinion BalL 
Size  7126 

Engine  Gearbox Gear  HoLler 
Size  L02Ü 

Engine  Gearbox  Gear Bull 
Size  7018 

Input   Pinion  RoLLer 
Size  L020 

Input  Pinion     Ball 
Size   702<« 

Input  Gear RoLLer 
Size  36-12.5 x  LU x  7.3<«2S PD 

Input  Gear Ball 
Size   1932 

Lower Planet   RoLLer 
2  Rows:   L9  Rollers/Row 
Size  17 x  19  x  5.5707 P0 

Upper Planet   RoLLer 
2  Rows:   30 Rollers/Row 
Size  1/2  x   .85 x  7.500 PD 

Mast Ball 
Size  723<*-923i* 

Mast  Roller 
Size   2U-IS  x   17  x   5.U925 PD 

107 

3,U95 

L,7L7 2,029 I,5U3 

U,070 

72U 1,367 

3,275 

862 

2,036 1,1*87 2,U97 

'♦,992 

2,762 2,332        «4,162 

6,«461 

10,610 

25,065        9,385      27,296 

12,306 

1 
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n 
ENG LOADS AND LIVES  - 6000-HOUR TBO,  TWIN 4800-HP 

L        Moment 
(in.-lb) 

Bearing Life 
Hours 
LIO * RPM 

Minimum Film 
Thickness 

(lO-6   in.) ON 

1 19,664 9,000 43.6 900,000 

9        1.SU3 11,696 9,000 48.99 810,000 

P 11,000 6,090 32.6 609,000                | 

\j             862 12,352 6,090 32.2 548,100 

r 1U,7UU 6,090 35.7 730,800 

\        2,k97 11,096 6,090 42.2 730,800                j 

n 12,344 2,268 20.9 365,960 

2        <M62 13,344 2,268 24.7 362,880               | 

1 12,960 1,293 11.7 138,853               j 

D 13,368 334 5.1 55,102               j 

15      27,296 18,864 151 5.4 25,670 

6 12,288 151 2.3 16,520 

_AUaaBMa^_^.^_ 
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1ABLE XV   • - ContiB 

Item Bearing Axial 

Loading  * 
Radial         Moment 
(lb)         (in.-lb) 

Bearil 
Hoi 
Ll( 

13B Tail Rotor and   Access Bevel 
Size  7124 

Ball 721 2,202 1,714 12, 

14B Generator  Drive Ball 
Size KD40CP,   2  on Shaft   (Kaydon) 

- 71 
156 

30J 
2k, 

15B Hydraulic  Pump  Drive Ball 
Size KDitOCP    (Kaydon) 

- 53 - L2. 

163 Oil Pump Drive Ball 
Size 26 x 52 x 15 

- - - HJ 

17B Planetary  Support  Ball 
Size KF65AH (Kaydon) 

- - - «I 

18B Freewheeling    Ball 
Size KDitSXP (Kaydon) 

- - - 

*     65% -  Items IB  through 10B 
100% -  Items  11B and   123 

75% -  Items  133  through  153 
No calculations are made for items 163  through 18B 
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1J 
' TABLE XV ■ - Continued 

Ing * 
lal Moment 

(in.-lb) 

Bearing Life 
Hours 
L10 * RPM 

Minimum Film 
Thickness 
(10-6 in.) DN 

202 1,714 12,232 i+,9U3 3U.9 593,160 

71 
156 

4 
4 

30,080 (1) 
2U,2U0 (2) 

6,355 28.5 
28.1 

645,178 

53 

- 

12,732 3,813 19.7 387,107      1 

!■ 

^ - - - - - 

i 
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TRADEOFF VARIABLES 

TRANSMISSION WEIGHT 

An assessment of the effect of an increase in the weight of 
the helicopter transmission in excess of "normal weight" to 
provide extended life is provided through a consideration of 
the attendant reduced operational flight envelope.  There are 
immediately two ways in which the operational flight envelope 
can be affected by such an increase in weight, assuming that 
the helicopter has a developed operational flight envelope. 

The increased transmission weight in one instance amounts to 
an increase in empty weight.  By imposing a constant gross 
weight, the useful load or payload is reduced by the amount 
that the transmission increases in weight.  In addition, fur- 
ther reductions in useful load are brought about by secondary 
structural weight increases associated with maintaining fixed 
crash-load requirements.  Effects upon ship empty weight by 
component weight changes have been discussed extensively in 
Reference 13 for the medium-gross-weight helicopters.  This in 
turn relates directly to the cost of operation of the heli- 
copter, in that less cargo tonnage can be transported per unit 
time, fewer personnel can be transported per unit time, or 
fewer rounds can be loaded for an ordnance firing mission. 

The statistical effect of reduced payload would be a function 
of the actual magnitude of transmission and system weight in- 
crease; however, the influence of the flight spectrum on gross 
weight distribution would not be large except where operation 
of the helicopter is at maximum gross weight primarily for 
every takeoff.  The histogram of the gross weight spectrum 
would be shifted toward the high end by some amount depending 
upon the distribution mean and the weight increase.  If opera- 
tion is normally with somewhat a ess than maximum gross weight 
at takeoff, then the effect of reduced payload is nil. The 
approach to an assessment of the effect of reduction in pay- 
load would be to analyze a sampling of operational vehicles in 
various commands and determine gross weight histograms. The 
effect of reduced payload could then be directly related to 
actual operational requirements, and a relative cost factor 
could be determined for operation at reduced payload. This 
information is not presently available. 

However, in the case of a new helicopter design, certain per- 
formance specifications must be met (such as hover at 4000 ft, 
950F), and the weight increase for extended transmission TBO 
could realistically reflect further increases in rotor diameter 
and weight.  In order to develop a sufficiently general equa- 
tion and yet retain a simplistic approach, the factor of 3:1 
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on total transmission weight increase will be used for assess- 
ing the quantity of fuel consumed for cost purposes only.  The 
approach used to derive the original incremental penalty will 
simply be to trade the increased weight for a reduction in 
fuel quantity. The reduced operational flight envelope would 
then be affected by endurance or range restriction.  As with 
the reduced payload, the gross weight would be constant, but 
in this case the payload would also be constant.  The tradeoff 
for the weight variable would be extended life obtained by in- 
creased transmission weight at the expense of reduced range or 
endurance. 

The basis for the A-weight/A-endurance tradeoff is predicted 
on the following assumptions: 

1. Vehicle gross weight is constant for all TBO levels. 

2. Vehicle payload is constant for all TBO levels. 

3. Direct operational costs will be based on fuel costs 
in the RVN theater. 

U. An average specific fuel consumption is used for all 
three power levels.  This is to be 0.70 lb/hr/hp. 

Table XVI reflects certain existing trends in turbine-powered 
helicopter design and operational characteristics.  The infor- 
mation was extracted from detail specifications for each model. 

The formulas used to equate weight increase to additional 
operating cost are: 

1. AC0 = (AT)(Co) 

2. AT    =  (AW)/<j3FC)(Pm) 

AC    = additional cost of operation,   $/hr 

AT    =  loss of  flight  time/mission,  hr 

C    = cost of operation,  $/hr 

AW    = weight  increase  for extended TBO,   lb 

SFC =  specific  fuel consumption,  lb/hr/hp 

P„ = mean mast  power m r 

Credibility of the above formulation is advanced by the infor- 
mation in Reference 1, wherein histograms of flight lengths and 
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flying mission lengths are shown.  If it were assumed that 
every flight would be as long as maximum endurance predicated 
on fuel quantity, then the ACQ above would be inconsistent 
with actual operating cost increase. The required refueling 
time and lost motion involved would then be effective in the 
increased cost figure.  However, as can be seen in Figures 12 
and 13, the flight lengths and flying mission lengths are con- 
siderably less than maximum endurance. Therefore, the re- 
quired additional refueling times are very few, since the 
relative number of flying mission times above 3 hours are 
fewer than 0.1%. 

The effect of increased transmission weight on cost is deter- 
mined by assessing the cost of fuel load required to satisfy 
the conditions of preserved range or preserved endurance. The 
specific fuel cost in the RVN theater is the basis for this 
analysis.  This has been determined to be $0,016 per pound. 
On that basis, C0 is determined as follows: 

C0 = (0.016)(SFC)(HPAVG) (Reference Parametric Discussion) 

= (.016)(.7K.65)(667) = $/4.80/hour (twin 500) 

= (.016)(.7)(.65)(2000) = $lU.50/hour (twin 1500) 

= (.016)(.7)(.65)(6400) = $U6.5/hour (twin kSOO) 

For an average mission endurance of 3.37 hours (Table XVI) 
Formula 1 reduces to: 

AC. _   .016 j^-jyAVL,     (AW_ = Transmission Weight  Increase) 

=   .0046 AWT 

An assessment of the  penalty  incurred   for overweight  poundage 
is  provided  through the  use of  the  previously discussed   3  to  1 
multiplication factor (see  page   111).     As previously noted, 
this   factor  is used to account   for the additional power  re- 
quired  for normal flight,  additional   fuel weight,  additional 
structure  for  fuel capacity,   ballast,   etc.    The cost  per 
flight hour figures  shown  in Table XVII are,   therefore,   arrived 
at by  finally modifying equation 3 above as: 

t*.    ACost   =  (3)(.0046) AWT 

=  .0138 AWT 

The  results of the weight  and  cost analysis are  shown   in 
Table XVII. 
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1AMH XVI TYVICAL llKl.|c»PrKM mLHXHH ANU 
OHKHATIONAU aiAMACTKKISTICJj 

I                                                                                                                                              I 

Mixlel 

Ku«l 

(lb) 
y 

(lb/br/hp 
ftrtllg« 

I      (n «D 

Cat ittaie<< 
Knlurafu* 

(br) 

Kuvl       I 
Mexrve  1 
(lb)       j 

Ull-U 107J O.HV 2 20 3.0 107.2 

t)ll-lR 1492 0.630 32«. - 159.0 

u:i-lc 1600 0.598 322 3.35 160.0 

UM-10 1730 0.702 20«. 3.6 1/2  br 

u:i-le 1230 .600 20U S.li 1/2  br 

m-iF Ub% .706 260 3.5 «*6.0     | 

UH-IG 1 1M .592 260 - iJ».o 

Hoatx i«*.«*-; au .656 2<<8 3.37 10^.  Puel 
Otpac 11 yl 

 1 
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MuamCAHCt OK Sf^lKIKO UKOita WKliitfT AN» KAWfc 

A»»u«pt ionoi 

I.        ..: =■  .i.'    groa*   weight 

.     Kc : .  c     fuel  c«p«cily or   t c \ .  c'.  p(tyto<t<l 

HiP    =,r     :!:..■.     «.:.    t-t.'.^j!     c    of   »Ok (     'c:    .j;.'cla     ;ac.t     it«    III« 
RVX  ir.pa«cr   1»   («|>proxi««l« ty   3.) hour»  with  a   »peiltU   fuel 
• ott*u«|>i lo«.  of   ,b   to   ,7   lb  hr  ' ;•   (Table   XVI).      |i>   ibe   ;;■•-::; 
tdlion   Of   fuel    load,   etulvjralv e,   anO   ra'tg« .    »I>ere   is   a   fuel 
|H>rlion   allotle«!   for  wan»- ip   aluJ   prerlitfbl   hover   .«i.>!   altullier 
|>oriiw^  for   reserve.     r   •-   range   (hen   IM   a   function of   (he  re- 
gaining   fuol   • .i;>..   i»>   an<)  proviUek   fro«  I'O   to   J?5 «lie«   range 
wl(houl    (lie    - = c   ot   the   reserve   fuel. 

In  ttefereiue   I   It   wai   »hown   that   for   three   Bell   helitopter» 
(he   total   operation   t t«e  wa»  iiivl<Se<l   into  average»  of   27.$** 
grouiu!   I l«e   aiu)   72,S"!  fKgiit   tithe.     Al«o.   It   wa«   ahowit   that 
(he   AH-l'I   ant)   Ut(-1H   flight    length«   averaged   (i]  «ijuitco   and 
.'6  »IIVLIICB,   re«'.iri I ivel y;    flying   «laalon   length«   averaged   '  ' 
• inute«   ana   7\,  «Inute«,   reapei t ively.     Fro«   theae  «latiatica. 
It   «an  be   ai own   that   a   very  appreciable   a«ount   ot military 
helicopter operation  t itae the  MVS  theater   1«   apent   in 
gro »!.<! operation  or   In  hover sanegvera. 

Since  only  about   one-third of   the   flight   11««  capability   i» 
used   in  flight   operation,  the  aign1tIcance  of  a reduction   In 
fuel   lapaiity ot   a« «uch  .i»   10".  (this  would   generally  aMOunt 
to  100  lb)   i»  «light.     For  eKa«ple,   thi«   10". decrea»e would 
a«ouni   to  approxi«iately   10 «inutea  ot  crui«e  on  the  LII-lH and 
would  reduce   the  endurance   to approximately   3  hour«.     In  the 
flying •i««ion  hiatogra«  (Figure   13),   it   wa«   shown  that   only 
4bout   I', ot   the   flight   «pectru« wa«  devoted   to operation   in 
exceaa  of    i.'-  houra.      f! JS,   if   an  extended   TBO period  were 
«tipulated  by  deaign  «pecifit at ion,   the  extended  TBO could  be 
accoapl iahed  at   the  expenae  ot   a  reductiott   In  fuel  capacity 
without   affecting over 90". ot  the current  «^««lona. 

In  on'er  of   a igni t icanee.   the  groa«  weight   «pectru« next   en- 
ter«   in:o  the  effect   of   reduced   fuel   «apacity.      If   the   rela- 
tive   iaportance   i«  a««uMed  to he  greater   tor  range  than  for 
payload.   then   the   gro««   weight   would   be   «onatant,   the   payload 
reduced   an   .»«ouiit ,   and   the   fuel   capa< ity   in« reaaed   a   like 
(«•ount ,     Jutst i f ic at ion   for   thi«  deviation   fro«  the   preaent 
«pec ifi<at ion  would  ariae   fro«  a  «pectru* wherein  the   per<ent- 
age   ot   t i«e   at   «;»> L-,.,*   groaa   weight   would   be   expe< ted   to   be 
«•all,   ■>«   wa«   the   percentage  ot   tin«   in «axlau« endurance 
flight«   a«   «een   above. 
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In   rlMcl     «VOIII  ,     ilt    Ircoo   of    4' I U<l I    «Jollar    e «|»Cfi.) I « H« r    for 
«MIcrl'llB    («ml    an-.-.r,    I     r    c»I c-i..!f!     IIH»    .Irai^'i.   WOil't    bn (Mk« 
!•»«*•.! 1 ..lc I y     Icalfjlilc    in   4    ll.lc..!!    of    r-tlci     vc!:     1c    r<tng» 
or  i-.>l<».-!.   wi pi    ur-Cri   of   lli«   latter   1«   »Igiilf It ant ly •■• 
(itoii«<l.     Mr : i. » »oil   in  logiMtic«,   t r<»itA|*ort at io«i toato,   .' ; 
overhaul   (0«tk   altaine>l   by  fewer  overhaul   tytle«   ..(..!   lena    .   - 
• i.,l   •niu.tir   •ottktilutea   a  real   eM|t«n>ll lur«   •leireaae;   wiiite 
the   toaa  or   abrlnktng   of   an  operating  envelo|>e   thai    ia   ael<lo« 
tiaetl   in   the   liMlta   woulii  lonattlule   an   i-a..^ i 1...1 y  eii|>cn<l i I ure 
imreaae. 

KKUOCgli AUU>WAHU^> 

franateni   or   brief   operating   j.ciio;»   at   |>ower   levrta   above   tlir 
*..«lt.«s  <le«i^n  power   level   ... .  ;i   •le|»en<lini;   upon  lieaign  crl- 
irria,    locale,   eH\li   ■: I     .- = ■..:. rs . 

During  aurh  overpower   perioda,   the   gear   an«l   bearing bulk  lot 
peraturea  «ay   in« reaae   untler   the   lnflu«n<e   of   the   a>l<iitional 
friction   loaaea.      fheae   higher   te«p«ralur«a   aerve   to   lower 
lubricant   visconity   in  t h«  loaU con Junt-t ion«.   tbua  r«<luc ing 
claatohyi!ro<!yna«i<    < KJUJ)   f i I«   thickn«««   at   the««  contact». 
for  a glv«n  »urfoc«   rougln«««,   th«   ratio of   fil« thickn«««  to 
co«po«?t«  roigi-ne»»  of   tb« contacting  bodle«   1« reduced. 
n>i«,   in   turn,   «ay  additionally   iiu r«a«e   the   actual   peak 
«treaaea   in   t he«e  contact»   (above  tb«t   due   «loply  to  t ft«   in- 

i c-<••■..I   overpower   load   inc rea«e /   either due   to   increaaed 
tra  (ion   force«  or  «i«ply «ore  direct   and   le««  tuahioned ton- 
tact   between   the  a«peritie« of   the  given  roughnea«.     fheae 
peak «tre««   value«   frequently   initiate  «urface   fatigue  or 
cracking,  wMch may  hydraul ically propagate   in  the  thin  «yn- 
thetic   oil  enviroraaent   or  produce  gear  «tufflng or bearing 
raceway ««earing,  depending upon tbe  energy  deneity  in  the 
con tact, 

Che«ical  effect«   in   the  conjunction  environ«ent   have al«o been 
•hown to  influence  failure «ode  and  propagation  rate  in tne«e 
near •boundary-1 <tyer   lubrication  regi«e«   (Rrference   12). 

Tbe  gear pitting   fatigue   failure «ode  occur«  «o«i   frc«|jently 
in  the   low pitch-line   velocity   -   final   rotor <!rive portion«  of 
the   tran««i««ion.     However,   in   low-«p«ed  «e«he«,   (he   «tre«« 
cycle atcusulation  rate   at   overpower condition«  «ay not   cau«e 
pre«ature   failure  at   the   l^OO-hour  THO  level.     With  an  ex- 
tended TBO period,   cycle   atcu«ulalion  can  attain   a davaging 
level   «ufficient   to  couee   pre«ature   failure. 

A «tudy of the power «pectru« of the AII-lC (Reference I) wa« 
•ade to determine a representative overpower frequency. The 
tran««i««ion  u«ed   in   thi«  helicopter  «ttain«  an  KTBM of   90*. 
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Of     U*    =■   l.c! lie!     11(1      !.. il      flHI    IKrfrlrti.  c     1), |l      lo    ('uwrlel 
by    a    l-iii      !.(,    ac.    level     ol   .l..!..l   !     'ay    (tile!    turblft«    rl.^inc.        Tit» 
! r 1 i   ti|M    i    1»   c.|il;.j.c.!   will,   a   l rai>t><«iooiuti   oyotv«   roltxl   far 
•.jn jiion at   l.'^o «aaiwu«,  with t-orr«*|M>iMUiti  t<)r<iur««t«r  <•-•'- 
line  (»jiVii^o   In   ii«-   totkpli, 

n>r  (Ktwrr   •|>«ctra« anolyal»  on «onltorvd  AH   l>. lt«lltopter»   In 
II.« HVH theater (Kigur* ?)  irvcaU that   l.*»67"r. oporatloncl  It» 
wa»   »(tent   above    HOO  bpwlth   .<»'".  at   the   engine   rating  ot 
l<*00 ho.     For   the   1100-hour   Iiu.,   ihl»  hellco|>ier   trana«laalun 
• re*   17,JJ  hour«   above  «lealgn  power   and   .ON   hour  at   engine 
ratIng. 

t lot«   that   the  wear   tondltlon would  be   Intolerable   at   an   In- 
■ ice   of   thrve  or   »l«   litte»  tycllr  enpoaure   in  tlie  entended 
life   'ranMil»»lon.     Consequently,   In  the  design at   the  extended 
life   t ran»«l*«iona    ii    1»  i.c   caaai >•   to  e«ploy   a   reduction   tattor 
for   eatabllahing   »afe   operating   «trekttea.       I!S=   factor   WaM   »et 
equal   to  the   ratio  of   pow^r   available   to   the   drive   »yitte« de- 
sign powert 

ftils   factor  Is Applicable only to the planetary reduction 
gears,  since  the  primary  reduction stages  are designed  for 
Too?, single-engine  power.     The design allowable   for co«pre«- 
•ive  stress of   170.000 psl   (assuming well-aligned  parallel 
gear oeshes with •lni«i«ed  stress concentration at   tooth ends) 
was established on  the   1200-hour TBO design,  and  the  I.I?  fac- 
tor was applied   to  the   3000-bour and 6000-hour designs.    Since 
the   Idealised caopressive   stress  varies  as   the   square   root   of 
the  power  level   (for  constant   speeds,  the design allowable 
stress  at   normal   rating  was   thereby decreased   to   160,000 psl. 

As  previously discussed,  the  true      «rating   stresses  probably 
increase  substantially  faster  than  the   idealised  square root 
relationship (accounted  for by the  I,12 factor)   in conjunctions 
where  the   ratio of   0(0 filo  thickness  to composite  roughness 
is   less   than unity.     Therefore,   the  extended-life design «ust 
embody additional   improvements   In  these  area».     The  effects  of 
■iealigned contacts  can  never  be  properly  assessed   in   initial 
design.     However, measures  to  laprove  the  composite  surface 
roughneeeee   in the  conjunctions and  to  limit   the overload 
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«tre*« tonr^ntrMt ioni  can  atvi BUHI  b«  tak«n   (Rrf«renc«   12). 
I iiv.ii   lioali«K of   the  gvctr  teoth  o.iiiofiro   the   former r«qulre- 
oitfnt,  «fid  ii.c  latter can be fulfilled by uaing  tooth crowning 
(or eitd  relief),   «dequate   Involute profile modlf Icat lonit  to 
:>ro«oie  lo«d  »harlng between adjacent   tooth pctlrtt,   IncreMHed 
coapllctitce   lit  tlie  pl<tne(4iy carrier  «tructure  and   ring gear 
ttupport   to .100 ire   load  «horlng  «taong  the varlouH  pltinel   Idler 
gear«,  and  relatively compliant   bearing  outer ring  «upport 
•tructure  to permit   outer  ring conformance   to  the   load with an 
attendant   liu-reane   In  the number of  rolling element«   In the 
load «one. 

The application iif   the  1.12  load  factor  reitult*  In  Increaaed 
weight  of  gear    ad  bearing  element«, while   the  referenced 
«ea«ure«  to  refine   «urface  roughne«« and  promote   load-limiting 
geometric  conformity   in  the conjunction«   induce  higher manu- 
facturing  co«t«  by  virtue of  the additional  proce««  time   in- 
volved.     The  to«t«   a««oilated with  the  weight   increa«e  are 
relatively conatant   over   the  u«eful   life  of   the   tranKmi«Hlon. 
fhe  additional  io«t   factor«  u«ed   to produce  better «urface 
rli)l«he«  are   related   to machining  proceHHC«   that   are  «ubject 
to   future  co«t   reduction  a«   they  become  mo"« widely u«ed. 
Although  thl«  potential   reduction wa« not   „«numed   for purpove« 
of   thl«   «tudy,   it   doe«   reprevent    in  area of   future  coKt   re- 
duc t ion. 

HAOasiKG ANÜ PROCESSINÜ COSTS  FOR EXTE-VDISC TBO 

Proce««lng  variable control«  requl«lte  to attainment  of  high 
£ear  life are a««o<lated with active profile   »urface  texture 
and  topography.     Planetary gear profile«   in the Uli-l  planetary 
aB«r«hlle« are manufactured according  to normal  aircraft  gear 
i;rlndlng and  finiahing  technique«.     Surface   flniahe« are  .'OAA 
or  better,   wavine»«   requirement«  are within   .000070   inch,   and 
profile error« are within   .0002  inch.     The   lower  planetary 

• -.■.f—!.iy operate«   «at lofactorl ly at  1100 hp with no dl«tre«« 
.it   a  calculated   «urface  compreB«ive   «tres«   of   156,000 p«l. 
The«e  «awe planetary   idler«   have  been   te«ted   «ati«factorily at 
2200  hp at   a  calculated  «urface  compre««ive   «tre««  of   170,200 
p«l  without   dl«tre»«.     Lead «l«alignment   between  «un  and  planet 
or  ring  and planet   gear  teeth  1«  precluded  by  the carrier dc- 
■tgni   hence,   there   1«  no end overloading   in   tho«e me«he«  due 
to mi«alignment.     However,   the  ring  gear   face  width   1«  con- 
»iderably   lee«   than   the  planet   gear  face  width,   and  end  effect« 
are  prevent.     The«*   are   «imilar  to  the  end   loading   effect«   in 
uiu rowned  cyllndrl<al   roller bearing«.     The   actual   load  «ondl- 
tion produce«  a  peak  compre««lve   «tre««   at   the  end«  of   the   ring 
gear  teeth  that    is  much  higher  than  the   nominal  calculated 
»tre«»       Sue h  a   «tre««  dl«tributlon   1»  quite   «atlHfaitory  for 
the   Utl-l   TBO period  of   1100   hour«,   and   perhap«   to  2000 hour«. 
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However, to extcml the Life to 3000 or 6000 hours requires u 
nductlon of these end effects that will reduce the peak 
stresses to the nominal values for a  more even axial load dln- 
trlbutlon.  The upper planetary assembly In the UH-l does not 
have Ideal alignment In the gear teeth under all load condi- 
tions.  The carrier deflects under load In such a manner that 
the upper end of the sun gear teeth would absorb more load 
than the nominal calculated gear load.  Helix or lead slope 
correction to p-ovlde parallel alignment at nominal values of 
900 hp Is used.  At higher power levels, the upper ends of the 
teeth operate under a higher stress than occurs with an evenly 
distributed load.  Again, TB0 could not be extended signifi- 
cantly under these operating conditions (Reference 2).  How- 
ever, test work reported In Reference 12 reveals that under 
he very thin film lubrication regimes occurring in this mesh 
life (as defined by the pitting failure mode) is relatively 
insensitive to load distribution alone.  It becomes necessary 
to change lubrication states and to use differential hardness 
materials, in addition to Improving load distribution. 

Modification of the basic design to Include geometric refine- 
ments that will allow longer gear life requires additional 
machine operations in manufacture. Additional machining is in 
the nature of honing, crowning, and lead modification, which 
normally w.ild not be accomplished on a gear for a low TBO 
gearbox design.  In this Instance, the lubrication state is 
changed by surface finish Improvement rather than by a lubri- 
cant viscosity change since the lubricant Is specified. 

An average cost figure based on the incorporation of the above 
refinements In recent production UH-l gearboxes is used as an 
additional processing factor for the extended TBO gearboxes. 
This figure is set at $200 for the upper and lower planetary 
assemblies used In the UH-l i ain transmissions.  This value is 
used In determining the additional processing costs of the 
planetary gears In the extended life transmissions.  For the 
in< remental Increase In cost attributable to additional pro- 
(essing, it is assumed that this cost Increase is a linear 
function of horsepower.  Figure lU shows that a linear rela- 
tionsh'p exists between horsepower and weight.  Therefore, 
since larger and heavier gears normally require greater pro- 
cessing time than smaller counterparts, the assumption of 
linearity between additional processing cost and horsepower 
Is sufficiently accurate.  The respective additional manu- 
facturing costs shown below are determined by: 

•       .   No. Planetary Assys x $200 
£^ijOHt   ■  

V,PUH-IHJ 
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Transmission TBO A Cost, $ 
Cost, $/ 
Fit Hour 

Twin 500 1200 
3000 
6000 

60 
60 

.02 

.01 

Twin 1500 1200 
3000 
6000 

364 
364 

.121 

.06 

Twin 4800 1200 
3000 
6000 

1160 
:.160 

.388 

.194 

MATERIAL COST FACTORS 

The changes  required  to attain  a 3000-hour TBO evolve only 
from higher bearing and gear life  requirements.     The materials 
used in the  3000-hour  TBO designs are  the  same as   the  1200- 
hour designs,   but bearing  and gear sizes are  larger.     No mate- 
rial cost changes were  incurred  in changing certain cases  from 
magnesium  to aluminum.     The bearing sizes   in  the   6000-hour TBO 
transmission are the same  as  the 1200-hour TBO transmission, 
but  the material is  confortnally forged  consumable  electrode 
vacuum-arc-remelt AISI M-50 steel rather  than degassed AISI 
52100  steel.     The  following estimates are made for  bearing 
costs  of the nine  transmissions   considered   in this   study: 

Transmission TBO 

1200 
3000 
6000 

Total 
Bearing 
Cost $ 

213 
265 
638 

„ A 
Cost, 

52 
425 

1 

Additional 
Cost $/ 
Fit Hr 

Twin 500 
.017 
.071 

Twin 1500 1200 
3000 
6000 

1840 
2300 
5620 

460 
3780 

.153 
1.26 

Twin 4800 1200 
3000 
6000 

4680 
5850 

14100 
1170 
9420 

.39 
1.57 

TRANSMISSION EXCHANGE DOWN TIME AND MAINTENANCE 

The effects  of down time  for gearbox change are not  considered 
in  this  report,  since documented  information was not  obtain- 
able.     The  temporary loss  of the  helicopter  for gearbox change. 
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however, can represent a very sizeable cost as well as present 
a nazard to the safety of a combat-operational command.  It is 
conjectured that the actual costs of removing and replacing a 
gearbox would be minimal, while the lag in supplying the gear- 
box to the helicopter could amount to a time interval suf- 
ficient to entirely override the cost effectiveness of any 
developed TBO.  However, this omission serves only to lend 
conservatism to the final study results. 

Periodic maintenance for the e:;tended-life transmission is to 
be the same as presently required on UH-1 helicopters in the 
RVN theater.  Specifically, the transmission periodic mainte- 
nance (25-hour interval) is as follows:  Inspect transmission 
and connections for damage and oil leaks.  Check sump for 
water contamination and for oil level.  Check transmission oil 
filter for bypass indication if so equipped.  Inspect and 
clean transmission oil screen and magnetic plug.  On electrical 
chip detector, check continuity. 

OVERHAUL AND TRANSPORTATION COSTS 

The cost of overhaul and transportation of the nine trans- 
missions developed in this study is based on the costs re- 
ported from U. S. Army Aeronautical Depot Maintenance Center 
in Corpus Christi, Texas, and results of a study performed by 
Sikorsky Aircraft for U. S. Army Aviation Systems Command, 
St. Louis, Missouri (contract DAAJ01-68-C-1395(c)). 

Overhaul and transportation costs of seven transmissions 
(UH-1, Vertol Cli-k7  forward, aft, and combining gearboxes, 
and Sikorsky CH3A, CH3C, and CH53) were analyzed, with re- 
sults shown in Table XVIII.  The quantity of transmissions 
reviewed in a 5-month period as reported in Reference 2 (173 
UH-l's, 40 CH-47's forward, 32 CH-47's aft, and 5 CH-U7,s 
combining) in conjunction with their respective weights and 
overhaul costs indicates that overhaul costs could generally 
be predicted as shown in Figure 15. Transportation costs as 
shown in Table XVIII indicate that transmission weight and 
size are instrumental in determining general transportation 
costs.  It is not expected that quantity of transmissions 
would appreciably influence the transportation costs.  The 
curve shown in Figure 16 is based on the information in Table 
XVIII and the respective weights of the transmissions shown. 
Transportation costs of the nine transmissions developed in 
this study were then based on this curve.  Further justifica- 
tion is given below, wherein very high MTBR's would be attained. 

It is anticipated that the extended-life transmission would 
not incur part replacement frequency as high as the low TBO 
gearboxes.  Those areas of wear that are normally tolerable 

125 

«•■MM 



■ ""■'■'I-1"'     p^—'.' ■■ I-1'" 
1 i ■ ■^iiim.'pii" 

1  "■" '" '■" »Illllll 

1 

^^ 
(4 

¥ £ 
fO o o m o O o 

4-1 4-1 C^ oo vO CT> CO a\ o 
CO i-4 • • ■ • • • t 

0 t-l CM J- vO in <N 00 4" 
ü\ r-l r-l CO <o o> 

v<> 
v^ 

a!/-v ID CO C7N a« m VD J- 
(a t. Oi (N J- 00 J- 00 o 
HJ= C^ m J- r-l CO CN CN 

§ X^ r-4 

§ 
^ ■a 1 0/-N O o O O o O o 

ET4  IH O o O O m O o 
Oi O UJS H vO vO CN oo m m 
n 

to 
r-t r-l 

H 
00 
o 
u g 
Ö H     a > 

•P    -i-i < ^ 
< ai     (H N-/ /-N 

4-'        H 
It Z      o O o O O o o in 

4-1 
U 

EÜ 0 >'0 <« r-l r-l CO CN 00 00 m O 
> aoi C^y vO J- m VO o o vO a 
o M         3 r-l r-l (N CN CO 

e 
cd (0 

• tu 
Ei 

u 
$ 

M 
M + 

t< 4-1 £ 
1 "O  W o CM o> CO o o in o 

u ceo o \D o 1-^ o o o N-/ 

h-) l. 3 o^ en CO ON J" r-l r-l in 
pa 3 0     V) CN VD m ^O C^ (^ in II 
< H t. Kw H 
H (d O 14 

X 
J3 

4-1 ID E 4-1 
14-1 I O r-l 
< u fti c \ 

1   0 « ffl PQ 4-1 
M-rl r^ rv 1^ <n 
C w i-4 J- J- J" < u CO o 
(d to 1 i 1 CO CO in ü 
h-i-i 

* 
X X K EC X PC 

H E o u u Ü u o * 

126 

t\wt mm m --^■—-■-'--—■'■ 



qi OOT -  4il3Tart uoissTuisuBax 

127 

   



«H 001 - mSjan uoTssjuisuBjx 

128 

^MuaaaaaMMk ■  - ÜaiiMi ml n-  -fllilk"^ '—^^' 



for  low TBO.  tuch <•• wvcir t)u«  to beorlng  lnn«r ring crv«|> on 
id«  «haft,  bearing »pater wen ,   «nd gvar protll» wear,  «r« 
o|)p.   I f i. ul I V   .'.ra J^'Hr.!    HO    • a    tO    I'C    c l im 1 Ha« c!    f TO«   the    tX- 
Irlv-Irl    life    I I alitt«!-.o loi  a.        In    like   TiaHlic r .     M.c    a\\uua\>le 
oirraaea  ..ir   low enough  to prevent   «(Mlllng  fatigue  failure 
in  iir.ua  anti  bearlngH. 

Rr^rlng  ring  cretp la elinindted   by reducing gear  reaction 
loada   tdrough  UH« of  larger gear«   and  by proportioning  gear 
Nliaft   and  bearing diameter«   to provide   Interference  fit«  «uf- 
ficient   to preclude creep even at   overtorque condition«. 
BearlnK  «pacer wear  1«  normally eliminated when  ring creep   1« 
eliminated. 

Gear  profile wear  1« eliminated  by  virtue of  reduced  .illow- 
able«.     Under normal operating condition«,   the me«hing geare 
are  separated by an appreciable   lubricant   film,   «o a«perity 
contact«   (wear) are nonexi«tent.     At  overtorque condition«, 
the  transmitted gear  loads  are   lncrea«ed and  the  resulting 
thermal  rise   is equivalent   to  that   normally experienced at   the 
stabilized  operating  Level  of  the   low TBO designs.     Random as- 
perity contact may be made,   but  wear  is not   significant  since 
overtorque  duration  is   low. 

The overhaul costs  reflected   in  Figure  IS would  then  represent 
probable  upper limit  for  transmissions designed  for extended 
life. 

RELIABILITY 

Gear and  bearing design data and   function.'!, data are   tabulated 
for each   transmission and  presented  after each  respective 
cransmlsslon  Layout.     The  information  included  in  the   tables 
was  used   to calculate generic  failure  rates of  both  the gears 
and   the bearings  (Tables  XIX and XX). 

Gear pitting failure rates were determined  from composite  life 
calculations  based on a dispersion  exponent  of  5.5.     The  re- 
sulting composite pitting lives,   while short of  TBO In each 
case,   reflect  the  Increase   In  life  obtained  through design  to 
reduced allowable stresses.     The  pitting life of each  gear was 
calculated at  100% design load,  while  the cubic mean  power 
level was  previously determined  to be 657« of maximum design. 
No calculations were made at  the mean power level.    However, 
since  the  gears are not   treated   In  the same  statistical manner 
as  the bearings,   the relative reliability Indexes given will 
suffice  for comparing  the extended   life designs with  the  base 
line  design. 
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n 
.rlirli.      f.il   ilr    r..lro    He    o!ov.1,    !.ii     Iclilv^'o    if«   ci!      Il.il.a 

«lM«(on,      ilx!    Ih«    |.roj.'i roo l vrl y    r » ( rli '.c-.!   THO   I I   ilm-n i = s i .H. B    PK- 
hibll   l.iwc-i      ! .,i j. ( n lot i.    !.iil.jic-   i.^ic-o.     Th«  Lio THO Uralgii 

lite  ratio requirement it of  the  i .to«-   line  UOO-hour  tran»- 
«iaHion»  .»i r     o<.o Lin .ii.ly higher than  the re«pe<tive   3000 hour 
..!..!   6000-hour   ' '(tn«ni««lon»,   yet   the   failure  raten  are   inlier- 
ently   lower  for  extended   life.     The   tabulated   raten   HU^^eet   an 
increaHed  reliability of   the extended   life  tramtmiMHion* de- 
Mpite  the   L«ai  xtringeM   relative  Lj,.  requireaieni«. 

"in ■. ;.!f( in».'   the  poor ba»ic  correlation   ehown  between  calculated 
bearing   live*   and  ohnerved   failure«   reported   in Refereme   ,', 
there  exiittH   little   Juitt i I icat ion   (or   further  »latiHtical 
t rear.ar:tt . 

Validation of   the  coitt   per  flight   hour  data  preitented   in   thitt 
Mtudy  requireit   the  tacit   aaitumpt ion   that   the  ratio of  mean 
time  between   rework  (HTBiK)   to   IHO   in  cormtant  at   all   three   TBO 
deitign   levels.     The real  coHt  per   flight   hour  for a given 
i r-.iiif.mi sM ion   is  strongly  influenced  by HTBR.     Increaning TBO 
without   increasing the transmission  reliability proportionately 
would not  only  result   in an unsatisfactory maintainability,   but 
would  also   increase  the  relative  cost   per  flight  hour  values 
for  the extended  life versions above  the values shown.     For 
simplicity of   the  study,   the  HTBR  Is  considered   to  be  coinci- 
dent   to  the TBO.     Design measures  have  been taken  to provide 
increased   life  at   a constant   reliability   level  for each   In- 
creased TBO design  in order  to ensure   thla  desired  proportion- 
ality.    While   the  resulting  absolute dollar value  rates may be 
optimistic,   their  relative values  should   remain accurate. 
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!AMU.   XIX .          M- IA: I.»   C.tJiH I.I VHS A-MJ 
newERIC 1 All     H» )'A!l 

1                                                                                                                                                                                              • 

TRANSMISSION 
CIJMUUTIVE LI PP. PAIU'RP. RATF.            1 

Tfiöt, lööö/l^ 

TWln   iOO  HP 
1200-Mour TB0 366 J..'7'J 2.7 32 
3000-llovir TB0 U\') 7.1 (.0 2. 18 7 
«•000-Hour TBO ^14 U.J.'O 2.38 7 

Twin   1^00   HP 
1200-Hour TBO kbk 2.586 2.155 
3000-Hour TBO «4'» 7 6.036 2.012 
'.000-Hour TBO Ul)7 12.072 2.012 

Twin U800  HP 
,               1200-Hour TBO 1122 1.070 .»«n 

3000-Hour TBO IIU6 2.618 .873 
6000-Hour TBO LU6 5.236 .873 

i                                                                                                                                                      i 
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TABU XX. COMPOSITE B^MINC UVV. ANO 
CRNERIC KAIL'HK  MATKS 

Coapoi T *  1.1 fr Failure ICTt» 
Tran »mimtl on L10 »'50 TtO/L50 iooo/i.50 

Twin SOO l.'00-Hr TBO 19.'6 3100 .3871 .3225 
3000-Hr TBO 3338 5375 .5582 .1861 
6000-Mr TBO 7390 11898 .50U3 .1353 

TV in 1500 l200-»r TBO 1591 2561 .<4686 .3905 
3000-Hr TBO 2««57 3955 .7585 .2528 
6000- •Mr TBO 63LU 10165 .5902 .098U 

Twin «♦800 1200-Hr TBO 1335 2150 .5582 .*«652 
3000- •Mr TBO 2529 U071 .7369 .2U56 
6000- •Mr TBO 5262 61*71 .7083 .1180 

i         _                                                                                                                            i 
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vsttomm 
t«. the i'joio ot  overhaul ami t rAn«port4t Ion co*t» »* well  a* 
f id  L'OMI   in ihe  HV.  theater,  the  tradeoff  etudy ehowa  th«t 
the  3000-hour TBO deeign and  the  »-OOO-hour deeiin ere coet  tf- 
tettlve.     AH ehown   In  Figure  17,   the extended  life deelgne are 
coet  effective at  all  power level« with relatively decreasing 
coat  of operation  .»■>   a  function of   Increaelng  time botweon 
uverhaul. 
Final deelgn opt Imliat Ion of a  iraitHmlaslon would be attained 
through  the u«e of  conventional  bearing autterlaln  I.SAK  52100 
■teel)  In  certain  loiatlun«  that  do not  critically deaand ex- 
treaely high endurance character letic« obtained  from the more 
expenaive H-iO ateel  bearinga.     The hybrid  uae of  theae  leaa 
expenaive  bearinga would reault   in  the moat   coat effective  TBO 
tranamiaalon.     In  aummary: 

1. Extemled-life   tranamiaalon deaign   la   feaaible and cost 
effeetive. 

2. Design optimization would  provide a nuixlmum overlwiul 
life  . ommentiuriic with minimum coat. 

3. Increased  life-transmission deslan  provides equal or 
better reliability with  lower  failure  rates  than  low- 
life counterparts. 
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RECOWENDATIONS 

1. Ueslgn  requirements  for  future Army helicopter  transmission 
systems should specify extended TBO levels. 

2. Maximum allowable surface compresslve stress In low-speed 
gear teeth should be 160,000 psl for extended-life trans- 
mission design. 

3. Ge^r and bearing designs should be optimized  to  provide the 
maximum ratio of EilD film  thickness  to composite  surface 
roughness   In  load conjunctions  to provide wear resistance 
for extended  life. 

k.     Transmission development  testing of several  production pro- 
totype units,  at a minimum of 125% overtorque   for   50-100 
hours duration,   should  be  required  prior to production to 
reveal design deficiencies which would  preclude attainment 
of  the objective extended  life TBO. 
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APPENDIX  I 
SPIRAL  BEVEL GEAR  DIMENSIONAL   DATA 

The dimensional data  for  all spiral bevel gears  used  in  the 
nine  study transmissions   are  tabulated  in  this Appendix.     An 
optimization study was made for  each gear application,   based 
on  speed,   stress  level,   and bearing load  level,   with  the  re- 
sulting choice of gears   shown  in Tables XXII   through XXXII. 
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j                               TABLE XXII.     INPUT SPIRAL  BEVEL GEARS i                              { 
j                                                              TWIN 500  HP,   1200  TBO 

i                                                                                                                                                        i 
Pinion Gear                   | 

Number of Teeth 21 80 
Diametral  Pitch 6.000 _ 
Face Width,   inches 1.200 1.200 
Pressure Angle,  degrees 20.000 - 
Shaft Angle,  degrees 90.000 - 
Transverse Contact Ratio - 1.243 
Face Contact Ratio - 1.763 
Modified Contact Ratio - 2.157 
Outer Cone Distance,   inches - 6.893 
Mean Cone Distance,   inches - 6.293 
Circular Pitch,   inches 0.52^4 - 
Working Depth,   inches 0.28^4 - 
Whole Depth,   Inches 0.315 0.031 
Clearance,   inches 0.031 0,031 
Pitch Diameter,  inches 3.500 13.333               j 
Addendum,   Inches 0.202 0.081                 1 
Dedendütn,   inches 0.1 13 0.234 
Outside Diameter,  Inches 3.891 13.375               1 
Pitch Apex to Crown,   inches 6.615 1.671                j 
Circular Thickness,   inches 0.303 0.166                 1 
Mean Normal  Top Land,   Inches 0.092 0.084                 1 
Outer Normal Top Land,   inches 0.090 0.079 
Inner Normal Top Land,   inches 0.095 0.080 
Pitch Angle,  degrees 14.708 75.292 
Face Angle of Blank,  degrees 16.665 76.243 
Root Angle,  degrees 13.757 73.335 
Dedendum Angle,  degrees 0.951 1.957 
Outer Spiral Angle,  degrees - 38.264 
Mean Spiral Angle,  degrees - 35.000 
Inner Spiral Angle,   degrees - 31,922 
Hand of Spiral LH RH                         j 
Driving Member 
Direction of Rotation 

PIN j 
CW 

Backlash,   inches 0.005  MIN 0.007 MAX 
Tooth Taper TRLM - 
Cutting Method - SB                          1 
Gear Type - GENERATED       i 
Face Width  In Percent of 

Cone Distance ■■ 17.410 
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TABLE XXII - Continued 

i                                                                                              ,                     .                               .    , 

Pinion Gear 

Theoretical Cutter Radius, 
Inches 6.001 - 

Cutter Radius,   Inches 6.000 - 
Calc.  Gear Finish Pt. Width, 

Inches - 0.102 
Gear Finishing Point Width, 

Inches - 0.100 
Roughing Point Width,   Inches O.OiiO 0.080 
Outer Slot Width,   Inches 0,06^4 0.100 
Mean Slot Width,  Inches 0.067 0.100 
Inner Slot Width,   Inches 0.06^4 0.100 
Finishing Cutter Blade Point, 

Inches 0.0i»0 0.065 
Stock Allowance,   Inches 0.024 0.020 
Max,  Radius-Cutter Blades, 

inches 0.041 0.074 
Max.  Radius-Mutilation,   inches 0.057 0.076 
Max.  Radius-Interference, 

Inches 0.033 0.052 
Cutter Edge Radius,   Inches 0.020 0.020 
Calc. Cutter Number 3 6 
Max.  No.  Blades  in Cutter 22.351 - 
Cutter Blades Required STD.   DEPTH STD.   DEPTH 
Duplex Sum of Dedendum Angle, 

degrees 
Roughing Radial,   Inches 

2.908 - 
5.682 - 

Geometry Factor-Strength-J 0.2808 0.2804 
Strength Factor-0 6.500 1.709 
Factor 0.9047 - 
Strength Balance Desired STRS - 
Strength Balance Obtained STRS 0.001 
Geometry Factor-Durabl1ity-I 0.1403 - 
Durability Factor-Z 2786 1427 
Geometry Factor-Scoring-G 0.003255 - 
Scoring Factor-X 0.2586 - 
Profile Sliding Factor 0.003341 0.005994 
Root  Line Face Width 1.200 1.200 
Axial Factor-Driver CW 0.495 our 0.041  OUT 
Axial  Factor-Driver CCW 0.353  IN 0.100  OUT 
Separating Factor-Driver CW 0.158  SSP 0.130   SEP 
Separating Factor-Driver CCW 0.380   SEP 0.093 ATT 
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TABLE  XXIII.     TAIL  ROTOR DRIVE  SPIRAL BEVEL GEARS, 
TWIN   500  HP ,   1200 TBO 

i                                                                                                               .               .                         , 

Pinion Gear 

Number of Teeth 21 80 
Diametral  Pitch 6.03^4 ,. 
Face Width,   inches 0.600 0.600 
Pressure Angle,  degrees 20.000 - 
Shaft Angle,  degrees 90.000 - 
Transverse Contact Ratio - 1 .246 
Face Contact Ratio , 0.889 
Modified Contact Ratio _ 1.531 
Outer Cone Distance,   inches _ 6.854 
Mean Cone Distance,   inches _ 6.554 
Circular Pitch,   inches 0.521 _ 
Working Depth,   inches 0.280 _ 
Whole Depth,   Inches 0.312 0.312 
Clearance,   Inches 0.031 0.031 
Pitch Diameter,   inches 3.U80 13.258 
Addendum,   inches 0.200 0.080 
Dedendum,   Inches 0.111 0.232 
Outside Diameter,  inches 3.868 13.299 
Pitch Apex to Crown,   inches 6.578 1.663 
Circular Thickness,  inches 0.30k 0.185 
Mean Normal Top Land,   inches 0.080 0.094 
Outer Normal Top Land,   Inches 0.079 0.091 
Inner Normal Top Land,   Inches 0.081 0,091 
Pitch Angle,  degrees Ik.708 75.292 
Face Angle of Blank, degrees 16.518 76.096 
Root Angle,  degrees 13.904 73.482 
Dedendum Angle,  degrees 
Outer Spiral Angle, degrees 

0.804 1.810 
- 38.040 

Mean Spiral Angle, degrees - 36.390 
Inner Spiral Angle,  degrees - 34.788 
Hand of  Splra' LH RH 
Driving Member 
Direction of Rotation 

GSAR - 
CCW - 

Backlash,   inches 0.005   MIN 0.007  MAX 
Tooth Taper FRLM 
Cutting Method - SB 
Gear Type - CWSRATSD 
Face Width  In Percent of 

Cone Distance 8.754 
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TABLE XXIII - Continued 

Pinion Gpar 

Theoretical Cutter Radius, 
inches 6.001. - 

Cutter Radius,   inches 6.000 - 
Calc.  Gear Finish Pt. Width, 

inches - 0.085 
Gear Finishing Point Width, 

inches - 0.090 
Roughing Point Width,   inches 0.050 0.070 
Outer Slot Width,   inches 0.076 0.090 
Mean Slot Width,   Inches 0.076 0,090 
Inner Slot Width,   inches 0.076 0.090 
Finishing Cutter Blade Point, 

inches 0.0^40 0.050 
Stock Allowance,   inches 0.026 0.020 
Max,  Radius-Cutter Blades, 

Inches 0.0k6 0.060 
Max.  Radius-Mutilation,   inches 0.078 0.085 
Max. Radius-Interference, 

inches 0.031 0.052 
Cutter Edge Radius,   inches 0.020 0.020 
Calc,  Cutter Number 2 6 
Max.  No.  Blades  in Cutter 38.735 - 
Cutter Blades Required STD.   DEPTH STD.   DEPTH 
Duplex Sum of Dedendum Angle, 

degrees 
Roughing Radial,   inches 

2.61^ - 
5.583 - 

Geometry Factor-Strength-J 0,2m 0,2113 
Strength Factor-Q 17.^5 4.580 
Factor 1.3065 - 
Strength Balance Desired STRS - 
Strength Balance Obtained STRS - 
Geometry Factor-Durabi Hty-I 0,1313 - 
Durability Factor-Z i»095 2098 
Geometry Factor-Scoring-G 0.003965 - 
Scoring Factor-X 0.14152 - 
Profile Sliding Factor 0. 0034 71 0.006276 
Root Line Face Width 0.600 0.600 
Axial Factor-Driver CW 0,497   OUT 0,039  OUT 
Axial Factor-Driver CCW 0,359   IN 0,099 our 
Separating Factor-Driver CW 0.150   SEP 0.131   SEP 
Seoaratina Factor-Driver CCW 0.375   SEP 0.094  ATT 
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TABLE  XXIV.     OIL PUMP DRIVE  SPIRAL BEVEL GEARS, 
TWIN  500 HP,   1200  TBO 

Pinion Gear 

Number of Teeth 21 80 
Diametral  Pitch 6.7m - 
Face Width,   inches 0,280 0.280 
Pressure Angle,  degrees 20,000 - 
Shaft Angle,   degrees 90.000 - 
Transverse Contact Ratio - 1.275 
Face Contact Ratio - 0.i<06 
Modified Contact Ratio - 1.338 
Outer Cone Distance,   inches - 6.105 
Mean Cone Distance,   inches - 5.965 
Circular Pitch,   inches o.keu - 
Working  Depth,   inches 0.252 - 
Whole Depth,   inches 0.280 0.280 
Clearance,   Inches 0.028 0.028 
Pitch Diameter,   Inches 3.100 11.810 
Adde-dum,   Inches 0.180 0.072 
Dedendum,   inches 0.100 0.207 
Outside Diameter,   Inches 3.kk7 11.847 
Pitch Apex  to Crown,   inches 5.859 1.480 
Circular Thickness,   Inches 0.263 0.181 
Mean Normal  Top Land,   inches 0.068 0.101 
Outer Normal Top Land,  inches 0.067 0.099 
Inner Normal Top Land,  inches 0.069 0.099 
Pitch Angle,  degrees 1^.708 75.292 
Face Angle of Blank,  degrees 16.836 76.km 
Root Angle,  degrees 13.586 73.164 
Dedendum Angle,  degrees 1.122 2.128 
Outer Spiral Angle,  degrees - 34.011 
Mean Spiral Angle,  degrees - 33.290 
Inner Spiral Angle,  degrees - 32.578 
Hand of Spiral LH RH 
Or I 'ing Member 
Direv-tion of Rotation 

GEAR - 
CCW - 

Backlash,   inches 0.005  MIN 0.007  MAX 
Tooth Taper TRLM - 
Cu+ting Method - SB 
Gear Type - GENERATED 
Face Width  in Percent of 

Cone Distance 
— 4.586 
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TABLE XXIV - - Coutinued 

Pinion Gear 

Theoretical  Cutter Radius, 
inches 6.002 - 

Cutter Radius,   inches 6.000 - 
Calc.  Gear Finish Pt. Width, 

inches - 0.082 
Gear Finishing Point Width, 

inches - 0.080 
Roughing Point Width,   inches 0.060 0.060 
Outer Slot Width,   inches 0.086 0.080 
Mean Slot Width,   inches 0.086 0.080 
Inner Slot Width,   inches 0.086 0.080 
Finishing Cutter Blade Point, 

inches 0,050 0.050 
Stock Allowance,   inches 0.026 0. 0 20                 | 
Max.  Radius-Cutter Blades, 

inches 0.060 0.060 
Max,  Radius-Mutilation,  inches 0.078 0.068 
Max.  Radius-Interference, 

inches 0.026 0.0/47 

Cutter Edge Radius,   inches 0.015 0.015 
Calc.  Cutter Number 3 7 
Max.  No.  Blades  in Cutter 72.8li* - 
Cutter Blades Required STD.   DEPTH STD.   DEPTH 
Duplex Sum of  Oedendum Angle, 

degrees 
Roughing  Radial,   inches 

3.250 - 
5.683 - 

Geometry Factor-Strenqth-J 0.1825 0.1819 
Strength Factor-Q 53.019 13.961 
Factor l.WkS - 
Strength Balance Desired STRS - 
Strength Balance Obtained STRS 0.002 
Geometry Factor-Durabi1ity-I 0.1069 - 
Durability Factor-Z 7/4 58 3821 
Geometry Factor-Scorlng-G 0.00^888 - 
Scoring Factor-X 0.7/418 - 
Profile Sliding Factor 0.003233 0.0059/42 

Root Line"Face Width 0.280 0.280 
Axial  Factor-Driver CW 0./492  our O.O/4/4   OUT 
Axial  Factor-Driver CCW 0.3/46   IN 0.102  OUT 
Separating Factor-Driver CW 0.168  SEP 0,129  SEP 
Separating Factor-Driver CCW 0.388   SFP 0,091  ATT 

L_                                                              ...                            ....                           ■ 1 
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TABLE XXV.     INPUT SPIRAL  BEVEL GEARS, 
TWIN 500 HP,   3000 AND  6000 TBO 

i                                                                                                                                                        i 
Pinion Gear 

Number of Teeth 21 80 
Diametral Pitch 5.500 « 
Face Width,   inches moo moo 
Pressure Angle,  degrees 20.000 - 
Shaft Angle,  degrees 90.000 - 
Transverse Contact Ratio - 1.2kl 
Face Contact Ratio _ 1.899 
Modified Contact Ratio _ 2.269 
Outer Cone Distance,   inches _ 7.519 
Mean Cone Distance,   inches _ 6.819 
Circular Pitch.,   inches 0,571 . 
Working Depth,   inches 0.312 - 
Whole Depth,   Inches 0,3^46 0.3k6 
Clearance,   inches 0.03^4 0.03k 
Pitch Diameter,   Inches 3.818 m.siis 
Addendum,   inches 0.222 0.090 
Dedendum,   inches o.m 0.256 
Outside Diameter,   Inches A.2i48 14.591 
Pitch Apex to Crown,   Inches 7.216 1.822 
Circular Thickness,   Inches 0.331 0.178 
Mean Normal Top Land,   Inches 0.102 0.090 
Outer Normal Top Land,   inches 0.099 0.085 
Inner Normal  Top Land,   Inches 0.107 0.085 
Pitch Angle,  degrees m.708 75.292 
Face Angle of Blank,   degrees 16.761 76.339 
Root Angle,  degrees 13.661 73.238 
Dedendum Angle,   degrees 1.0^8 2.053 
Outer Spiral Angle,  degrees - 38.194 
Mean Spiral Angle,  degrees - 35.000 
Inner Spiral Angle,   degrees - 32.030 
Hand of Spiral LH RM 
Driving Member PIN - 
Direction of Rotation CW - 
Backlash,   Inches 0.005   MIN 0.007  MAX 
Tooth Taper TRLM - 
Cutting Method - SB 
Gear Type - GENERATED 
Face Width  in Percent of 

Cone Distance 18.619 
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TABLE XXV  ■ • Continued 

Pinion Gear 

Theoretical Cutter Radius, 
inches 6.802 - 

Cutter Radius,   inches 6.800 - 
Calc.  Gear Finish  Pt. Width, 

inches - 0.111 
Gear Finishing Point Width, 

Inches - 0.110 
Roughing Point Width,   inches O.OkO 0.090 
Outer Slot Width,   inches 0.067 0.110 
Mean Slot Width,   inches 0.070 0.110 
Inner Slot Width,   inches 0.06 7 0.110 
Finishing Cutter Blade Point, 

inches 0.0^0 0.065 
Stock Allowance,   inches 0.027 0.020 
Max.   Radius-Cutter Blades, 

inches 0.0^ 0.07i* 
Max.  Radius-Mutilation,   inches 0.063 0.093 
Max.  Radius-Interference, 

inches 0.037 0.058 
Cutter Edge Radius,   inches 0.020 0.020 
Calc.  Cutter Number 3 7 
Max.  No.  Blades  in Cutter 21.901 - 
Cutter Blades Required SFD.   DRIPTH STD. DF:PTH 

Duplex Sum of Dedendum Angle, 
degrees 

Roughing Radial,   inches 
3.101 - 
6.289 - 

Geometry Factor-Strenqth-J 0.2881 0.2872 
Strength Factor-0 ^.66^ 1.228 
Factor 0.8262   MN 
Strength Balance Desired SIRS - 
Strength Balance Obtained sms 0.002 
Geometry Factor-Durabl lity-I o.mki - 
Durability Factor-Z 2332 1195 
Geometry Factor-Scoring-G 0.003255 - 
Scoring Factor-X 0.2357 - 
Profile Sliding Factor 0.003617 0.006^476 
Root Line Face Width L.itOO l.^OO 
Axial Factor-Driver CW 0.^56  OUT 0.038   OUT, 
Axial Factor-Driver CCW 0.326   IN 0.092  OUT 
Separating Factor-Driver CW 0.1^46  SEP 0.120  SW 
Separating Factor-Driver CCW 0.031   SEP 0.086 ATT 
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TABLE XXVI.      TAIL  ROTOR DRIVE  SPIRAL  BEVEL GEARS, 
TWIN   500  HP ,   3000 AND   6000  TBO 

i 
Pinion Gear 

Number of Teeth 21 80 
Diametral  Pitch 5.530 _ 
Face Width,   inches 0,700 0.700 
Pressure Angle,  degrees 20.000 - 
Shaft Angle,  degrees 90.000 - 
Transverse Contact Ratio - 1.253 
Face Contact Ratio - 0,918 
Modified Contact  Ratio - 1.553 
Outer Cone Distance,   inches - 7.478 
Mean Cone Distance,   inches - 7.128 
Circular Pitch,   inches 0.568 - 
Working Depth,   inches 
Whole Depth,   inches 

0.307 - 
0.3^1 0.341 

Clearance,  inches 0.03^ 0.034 
Pitch Diameter,   inches 3.797 14.467 
Addendum,   inches 0.219 0.088 
Dedendum,   inches 0.122 0,253 
Outside Diameter,   inches ^4.222 14,511 
Pitch Apex to Crown,   inches 7.178 1,814 
Circular Thickness,   inches 0.342 0,191 
Mean Normal Top Land,   inches 0.100 0,096 
Outer Normal Top Land,   inches 0.099 0.093 
Inner Normal Top Land,   inches 0.102 0.093 
Pitch Angle,  degrees 
Face Angle of Blank,  degrees 

14,708 75.292 
16.653 76.231 

Root Angle,  degrees 13.769 73.347 
Dedendum Angle,  degrees 0,939 1.945 
Outer Spiral Angle,   degrees 
Mean Spira' "^ngie,   degrees 

- 37,006 
- 35.360 

Inner Spiral Angle,  degrees - 33,765 
Hand of SpiraJ LH RH 
Driving Member' 
Direction of Rotation 

GEAR - 
CCW - 

Backlash,   Inches 0,005  MIN 0,007  MAX 
Tooth Taper TRLM - 
Cutting Method - SB 
Gear Type - GENERATED 
Face Width In Percent of 

Cone Distance *■ 9,360 
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TABLE  XXVI - Continued 

Pinion Gear 

Theoretical Cutter Radius, 
inches 6.801 . 

Cutter Radius,   Inches 6.800 _ 
Calc.  Gear Finish  Pt. Width, 

inches - 0.110 
Gear Finishing Point Width, 

inches - 0.110 
Roughing Point Width,   inches 0.050 0.090 
Outer Slot Width,   inches 0.076 0.110 
Mean Slot Width,   inches 0.076 0.110 
Inner Slot Width,   Inches 0.075 0.110 
Finishing Cutter Blade Point, 

inches O.OUO 0.065 
Stock Allowance,   Inches 0.025 0.020 
Max. Radius-Cutter Blades, 

Inches 0.0^6 0.074 
Max.  Radius-Mutilation,   inches 0.077 0.093 
Max. Radius-Interference, 

Inches 0.035 0.059 
Cutter Edge Radius,   inches 0.003 0.003 
Calc. Cutter Number 3 6 
Max.  No.  Blades  In Cutter 38.61*2 _ 
Cutter Blades  Required STD.   DEPTH STD.   DEPTH 
Duplex Sum of Dedendum Angle, 

degrees 
Roughing Radial,   Inches 

2.884 - 
6.399 - 

Geometry Factor-Strength-J 0.1951 0.1583 
Strength Factor-0 11.908 4.i486 
Factor 1.2875 _ 
Strength Balance Desired GIVN _ 
Strength Balance Obtained GIVN 0.154 
Geometry Factor-Durabi11ty-I 0.1306 - 
Durability Factor-Z M8k 1785 
Geometry Factor-Scoring-G 0.000025 - 
Scoring Factor-X 0.3672 - 
Profile Sliding Factor 0.003800 0.006890 
Root Line Face Width 0.700 0.700 
Axial Factor-Driver CW 0.kU2  OUT 0.036  OUT 
Axial Factor-Driver CCW 0.317  IN 0.089 our 
Separating Factor-Driver CW 0.139  SEP 0.116  SEP 
Separating^ Factor-Driver CCW 0.338   SEP 0.083 ATT 
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TABLE XXVII.     OIL PUMP DRIVE  SPIRAL BEVEL  GEARS, 
TWIN  ^00 I-!?, 3000 A;:D 6000   T30 

i 
Pinion Gear 

Number of Teeth 21 80 
Diametral  Pitch 6.360 - 
Face Width,   inches 0.350 0.350 
Pressure Angle,  degrees 20.000 _ 
Shaft Angle,  degrees 90.000 - 
Transverse Contact Ratio . 1,283 
Face Contact Ratio v 0.456 
Modified Contact Ratio _ 1.361 
Outer Cone Distance,   inches . 6.502 
Mean Cone Distance,   inches _ 6.327 
Circular Pitch,   inches 0.^ _ 
Working Depth,   Inches 
Whole Depth,   inches 

0.269 - 
0.299 0.299 

Clearance,   inches 0.030 0.030 
Pitch Diameter,   inches 3.302 12.579 
Addendum,   inches 0.192 0.078 
Dedendum,   inches 0.107 0.221 
Outside Diameter,   inches 3.673 12.618 
Pitch Apex to Crown,   inches 6.2m 1.576 
Circular Thickness,   inches 0.305 0.167 
Mean Normal Top Land,   Inches 0.099 0.088 
Outer Normal Top Land,   inches 0.098 0.085 
Inner Normal Top Land,   Inches 0.100 0.085 
Pitch Angle,  degrees Ik.708 75.292 
Face Angle of Blank,  degrees 16.997 76.575 
Root Angle,  degrees 13.^25 73.002 
Dedendum Angle,  degrees 1.28^ 2.289 
Outer Spiral Angle,  degrees - 32.774 
Mean Spiral Angle,  degrees - 32.020 
Inner Spiral Angle,  degrees - 31.278 
Hand of Spiral LH RH 
Driving Member GEAR - 
Direction of Rotation CCW - 
Backlash,   inches 0.005   MIN 0.007  MAX 
Tooth Taper TRLM - 
Cutting Method - SB 
Gear Type - GENERATED 
Face Width  In Percent of 

Cone Distance - 5.383 
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TABLE  XXVII - Continued 

Pinion Gear 

Theoretical Cutter Radius, 
inches 6.803 - 

Cutter Radius,   inches 6.800 - 
Calc.  Gear Finish Pt. Width, 

inches - 0.110 
Gear Finishing Point Width, 

inches - 0.110 
Roughing Point Width,   inches 0.050 0.090 
Outer Slot Width,   inches 0.071 0.11.0 
Mean Slot Width,   inches 0.072 0.110 
Inner Slot Width,   inches 0.071. 0.110 
Finishing Cutter Blade Point, 

inches 0.0i*0 0.065 
Stock Allowance,   Inches 0.021 0.020 
Max.  Radius-Cutter Blades, 

inches 0.0Li6 0.07*4 
Max.  Radius-Mutilation,   inches 0.070 0.093 
Max.  Radius-Interference, 

Inches 0.029 0.051 
Cutter Edge Radius,   inches 0.003 0.003 
Calc.  Cutter Number k 7 
Max.   No.  Blades  In Cutter 69.677 - 
Cutter Blades Required STD.   DEPTH STD.   DEPTH 
Duplex Sum of Dedendum Angle, 

degrees 
Roughing Radial,   inches 

3.573 - 
6.376 - 

Geometry Factor-Strength-J 0.1836 0.1385 
Strength Factor-0 37.760 13.135 
Factor l.i*69k - 
Strength Balance Desired GIVN - 
Strength Balance Obtained GIVN 0.210 
Geometry Factor-Durabi11ty-1 0.1077 - 
Durability Factor-Z 6239 3196 
Geometry Factor-Scoring-G 0.000066 - 
Scoring Factor-X 0.6^469 - 
Profile Sliding Factor 0.003i453 0.006369 
Root  Line Face Width 0.350 0.350 
Axial Factor-Driver CW 0.14*4*4   OUT 0.0*4 2   OUT 
Axial Factor-Driver CCW 0.309  IN 0.09*4  OUT 
Separating Factor-Driver CW 0.160  S5P 0,177   SEP 
Separating Factor-Driver CCW 0.357   SEP 0,081  ATTN 

r   _                                ....                       _                                                                i 
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TABLE  XXVIII.     INPUT  SPIRAL  BEVEL GEARS.  TWIN 1500 
HP«,   1200, 3000 AND  6000  TBG 

i                                                                                                                                                         i 
Pinion Gear 

Number of Teeth U6 93 
Diametral Pitch 10.000 - 
Face Width,   Inches 1.200 1.200 
Pressure Angle, degrees 20.000 - 
Shaft Angle,  degrees 85.000 - 
Transverse Contact Ratio - 1.406 
Face Contact Ratio - 2.027 
Modified Contact Ratio - 2.467 
Outer Cone Distance,   inches - 5.385 
Mean Cone Distance,   inches - 4.785 
Circular Pitch,   Inches 0.314 - 
Working Depth,   Inches 0.171 - 
Whole Depth,   Inches 0.190 0.190 
Clearance,   inches 0.019 0.019 
Pitch Diameter,  inches U.600 9.300 
Addendum,   Inches 0.114 0.057 
Dedendum,   inches 0.076 0.133 
Outside Diameter,   inches 4,806 9.358 
Pitch Apex to Crown,   Inches 4.820 2.666 
Circular Thickness,   Inches 0.165 0.108 
Mean Normal Top Land,   inches 0.072 0.0o2 
Outer Normal  Top Land,   inches 0.070 0.056 
Inner Normal Top Land,   Inches 0.073 0.057 
Pitch Angle,  degrees 25.285 59.715 
Face Angle of B ank,  degrees 26.75'i 60.582 
Root Angle,  degrees 24.418 58.24 7 
Dedendum Angle,  degrees 0.867 1.468 
Outer Spiral Angle,  degrees 
Niean Spiral Angle, degrees 

- 31.777 
- 25.000 

Inner Spiral Angle,  degrees - 18.164 
Hand of Spiral LH RH 
Driving Member 
Direction of Rotation 

PIN - 
CW - 

Backlash,   Inches 0.004  MIN 0.006   MAX 
Tooth Taper TRLM - 
Cutting Method - SB 
Gear Type - GENERATED 
Face Width in Percent of 

Cone Distance " 22.285 
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TABLE XXVIII -  Continued 

Pinion Gear 

Theoretical Cutter Radius, 
Inches 3.75L _ 

Cutter Radius,  Inches 3.750 _ 
Calc.  Gear Finish Pt. Width, 

Inches _ 0.074 
Gear Finishing Po'nt Width, 

Inches - 0.070 
Roughing Point Width,   Inches 0.040 0.060 
Outer Slot Width,   Inches 0.049 0.070 
Mean Slot Width,   Inches 0.053 0.070 
Inner Slot Width,   Inches 0.049 0.070 
Finishing Cutter Blade Point, 

Inches 0.030 0.040 
Stock Allowance,   Inches 0.009 0.010 
Max. Radius-Cutter Blades, 

Inches 0.031 0.046 
Max.  Radlus-Mutl latlon.   Inches 0.049 0.068 
Max. Radius-Interference, 

Inches 0.018 0.023 
Cutter Edge Radius,  Inches 0.010 0.020 
Calc. Cutter Number 2 3 
Max.  No.  Blades  In Cutter - 1 
Cutter Blades Required STQ DEPTH STD.   DEPTH 
Duplex Sum of Dedendum Angle, 

degrees 
Roughing Radial,   Inches 

2.334 - 
4.668 - 

Geometry Factor-Strength-J 0.3630 0.3614 
Strength Factor-0 5.613 2.788 
Factor 0.7138   MN - 
Strength Balance Desired STRS - 
Strength Balance Obtained STRS 0.006 
Geometry Factor-DurabIllty-I 0.1112 - 
Durability Factor-Z 2381 1674 
Geometry Factor-Scorlng-G 0.000974 . 
Scoring Factor-X 0.1141 - 
Profile Sliding Factor 0.002384 0.002594 
Root Line Face Width 1.200 1.200 
Axial Factor-Driver CW 0.290 oirr 0.027   OUT 
Axial Factor-Driver CCW 0.122   IN 0.141 OUT 
Separating Factor-Driver CW 0.080  SEP 0.146 SEP 
Separating Factor-Driver CCW 0.275  SEP 0.048  ATT 
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TABLE XXIX.     TAIL  ROTOR DRIVE  SPIRAL  BEVEL GEAR, 
TWIN  1500   I IP;   1200,   3000,   AND 6000  TBO 

i                                                                                                                                                         i 

Pi uion Gear 

Number of Teeth 35 37 
Diametral  Pitch 7.ÜÜÜ - 
Face Width,   Inches 1.2ÜÜ L.20O 
Pressure Angle,  degrees 20.000 - 
Shaft Angle,  degrees 90.000 - 
Transverse Contact Ratio - 1.338 
Face Contact Ratio - 1.888 
Modified Contact Ratio - 2.3U 
Outer Cone Distance,   Inches - 3.638 
Mean Cone Distance,   Inches - 3.038 
Circular Pitch,   Inches o.uw - 
Working Depth,   Inches 
Whole Depth,   Inches 

0.256 - 
Ü.28U 0.28^4 

Clearance,   Inches Ü.Ü2 7 Ü.Ü27 
Pitch Diameter,   Inches 5.000 5.286 
Addendum,   Inches 0.135 0.123 
Dedendum,   Inches Ü.1.50 0.161 
Outside Diameter,   Inches 5.L96 5.^55 
Pitch Apex  to Crown,   Inches 2.55Ü 2.UU               ' 
Circular Thickness,   Inches U.182 0.186 
Mean Normal  Top Land,   Inches 0.079 0.091 
Outer Normal  Top Land,   Inches 0.076 0.083 
Inner Normal  Top Land,   Inches 0.0H3 Ü.Ü8U 
Pitch Angle,  degrees 
Face Angle of Blank,  degrees 

'♦3.UÜ9 «46.591 
U6.535 ^9.533 

Root Angle,  degrees UO.U07 U3.U6 5 
Dedendum Angle,   degreus 2.9^2 3.126 
Outer Spiral Angle,   degrees - 35.088 
Mean Spiral Angle.   Jegrees - 30.000 
Inner Spiral Angle,  degrees - 25.501 
Hand of Spiral RI: LI! 
Driving Member 
Direction of Rotation 

PIN - 
ecu - 

Backlash,   Inches 0.00U   MIN Ü.0C6   MAX 
Tooth Taper I-RLM - 
Cutting Method - SB 
Gear Type - CENERATEO 
Face Width   In Percent of 

Cone Distance * 32.986 
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TABLE  XXIX   - Continued 

Pinion Gear 

Theoretical Cutter Radius, 
Inches 3.315 - 

Cutter Radius,   Inches 3.500 - 
Calc.  Gear Finish Pt. Width, 

Inches - 0.075 
Gear Finishing Point Width, 

Inches - 0.070 
Roughing Point Width,   Inches 
Outer Slot Width,   Inches 

Ü.060 0.060 
0.075 0.070 

Mean Slot Width,   Inches 0.078 0.070 
Inner Slot Width,   Inches 0.07L 0.070 
Finishing Cutter Blade Point, 

Inches 0.040 O.OUO 
Stock Allowance,   Inches 0.011 0.010 
Max.  Radius-Cutter Blades, 

inches 0.0U6 0.0U6 
Max.  Radlus-Mutl latlon.   Inches 0.069 0.068 
Max.  Radius-Interference, 

Inches 0.033 0.034 
Cutter Edge Radius,   Inches 0.015 0.015 
Calc.  Cutter Number 8 9 
Max.  No.   Blades   In Cutter - - 
Cutter Blades Required STD.   DEPTH STD.   DEPTH 
Duplex Sum of Dedendum Angle, 

degrees 
Roughing Radial,   Inches 

6.3UC - 
3.293 - 

Gconetry Factor-Strength-J 0.2611 0.2602 
Strength Factor-0 5.U9U 5.215 
Factor 0.7972   MN - 
Strength Balance Desired STItS - 
Strength Balance Obtained STRS 0.063 
Geometry Factor-Durabl11ty-I 0.0762 - 
Durablllty Factor-Z 26U5 257-« 
Geometry Factor-Scorlng-G 0.0009 7 7 - 
Scoring Factor-X 0.0900 - 
Prof 1 le S Hdlng Factor 0.002899 0.002811 
Root Line Face width 1.200 1.200 
Axial Factor-Driver CW 0.063   IN 0.318 oirr 
Axial Factor-Driver CCW 0.339 otrr O.OUl    IN 
Separating Factor-Driver CW 0.336 SKP 0.059   AJT 

Separating Factor-Driver CO/ O.OU^  ATT 0.321   SKP 
i_    .            _                                                                                                      i 
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TABLE  XXX.     ENGINE GEARBOX  SPIRAL  BEVEL GEARS, 
TWIN  4800   HP ;   1200,   3000, AND 6000  TBO 

i                                                                                                                                                         i 
Pini on Gear 

Number of Teeth 67 99 
Diametral  Pitch 7.750 . 
Face Width,   Inches 2.5Ü0 2.500 
Pressure Angle,  degrees 22.500 - 
Shaft Angle,  degrees 60.000 - 
Transverse Contact Ratio - 1.358 
Face Contact Ratio - 2.576 
Modified Contact Ratio - 2.912 
Outer Cone Distance,   Inches - 10.776 
Mean Cone Distance,   Inches - 9.526 
Circular Pitch,   Inches 0.405 - 
Working Depth,   Inches 
Whole Depth,   Inches 

0.216 - 
0.240 0.240 

Clearance,  Inches 0.024 0.024 
Pitch Diameter,   Inches 8.645 12.774 
Addendum,   Inches 0.128 0.0M8 
Dedendum    Inches 
Outside Diameter,   Inches 

0.122 0.153 
8.880 12.915           j 

Pitch Apex to Crown,   Inches 9.819 8.627 
Circular Thickness,   Inches 0.192 0.153 
Mean Normal Top Land,   Inches 0.084 0.080 
Outer Normal Top Land,  Inches 0.083 0.066 
Inner Normal  Top Land,   Inches 0.085 0.06'! 
Pitch Angle,  degrees 
Face Angle of Blank, degrees 

23.649 36.351 
24.390 36.875 

Root Angle,  degrees 23.125 35.610 
Dedendum Angle,  degrees 
Outer Spiral Angle,  degrees 
Mean Spiral Angle,  degrees 

0.524 Ü.7UI 
- 29.907 
- 20.000 

Inner Spiral Angle,  degrees - 9.765 
Hand of Spiral Ui Rll 
Driving Member 
Direction of Rotation 

FIN - 
CW - 

Backlash,  Inches Ü.ÜU7   MIS 0.012   MAX 
Tooth Taper TRLM 
Cutting Method - SB 
Gear Typ« - GENERATED 
Face width in Percent of 

Cone Distance • 23.200 
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TABLE XXX  - Continued 

Pimon &<>ar 

Theoretical Cutter Radius, 
inches 6.000 - 

Cutter Radius,   Inches 6.000 - 
Calc.  Gear Finish Pt. Width, 

inches - 0.085 
Gear Finishing Point Width, 

inches - 0.080 
Roughing Point Width,   inches 
Outer Slot Width,   inches 

0.035 0.060 
0.060 0.080 

Mean Slot Width,   Inches 0.068 0.080 
Inner Slot Width,   inches 0.060 0.080 
Finishing Cutter Blade Point, 

inches 0.035 0.05 0 
Stock Allowance,   inches 0.025 0.020 
Max. Radlus-futter Blades, 

Inches 0.037 0.063 
Max. Radius-Mutilation,   inches 0.063 0.072 
Max. Radius-Interference, 

Inches 0.020 0.023 
Cutter Edge Radius,  Inches 0.010 0.020 
Ci\c. Cutter Nuntoer I 1 
Max.  No.  Blades   In Cutter - . 
Cutter Blades Required STD.   DEPHI STD.   DEPTH 
Duplex Sum of Oedenduni Angle, 

degrees 
Roughing Radial,   Inches 

1.265 - 
9.362 - 

Geometry factor'Strength-J ü.«4ü79 Ü.U329 
Strength Factor-0 1.05'* 0.672 
Factor 0.5657   MS _ 
Strength Balance Desired SIRS . 
Strength Balance Obtained PW 0.152 
Geometry Factor-OurabI1ity-I 0.0880 . 
Durabi Hty Factor-Z 986 812 
Geometry Factor-Scorlng-G 0.000«*» 5 . 
Scoring Factor-X O.OUIH . 
Prof 1le Sliding Factor 0.0033 3«* 0.00 31.62 
Root Line Face Width 2.500 2.500 
Axial Factor-Driver CW 0.13U OUT 0.006   IN 
Axial Factor-Driver CCW O.OUl    IN 0.098   OUT 
Separating Factor-Driver CW 0.067   SEP 0.101     SKP 
Separating Factor-Driver CCw Ü.IW*   SEP 0.025  SEP 
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TABLE XXXI.      INPUT SPIRAL  BEVEL GEARS U800 
HP;   1200, 3000,   AND  (000 TB0 

i                                                                                                                                                         i 
Pinion Gear 

Number of Teeth 86 231 
Diametral  Pitch 7.750 _                                                         : 
Face Width,   Inches 2.750 2.750 
Pressure Angle,   degrees 22.500 _ 
Shaft Angle,  degrees 85.000 - 
Transverse Contact Ratio _ 1.999 
Face Contact Ratio _ 2.kkl 
Modified Contact Ratio - ie.ku 
Outer Cone Distance,   Inches - 15.037 

n Cone Distance,   inches - 15.037 
cular Pitch,   Inches Ü.U05 .. 

Working Depth,   inches 
Whole Depth,  Inches 

0.221 _ 
0.2*45 0.21*5 

Clearance,   Inches Ü.M?k 0.02U 
Pitch Diameter,   Inches LL.O^V 29.806 
Addendum,   inches 0.152 0.069 
Dedendum,   inches 0.093 0.177 
Outside Diameter,   inches 11.38U 29.86U 
Pitch Apex to Crown,   inches 15.39** 6.811 
Circular Thickness,   inches 0.229 0.130 
Mean Normal Top Land,   Inches 0.103 0.075 
Outer Normal Top Land,   inches U.IÜ2 0.066 
Inner Normal Top Land,   inches U.IOU 0.067 
Pitch Angle,  degrees 
Face Angle of Blank,  degrees 

19.759 65.2UI 
2Ü.UÜ8 65.596 

Root Angle, degrees I9.i«l«« 61*. 592           : 
Dedendum Angle,  degrees 
Outer Spiral Angle,  degrees 
Mean Spiral Angle,  degrees 

0.355 Ü.6U8 
- 22.551 
- 15.000 

Inner Spiral Angle,   degrees - 7.1U6 
Hand of Spiral Lil RH 
Driving Member 
Direction of Rotation 

PIN • 
CW . 

Backlash,   inches 0.007   HIS 0.012   MAX 
Tooth Taper mLA 
Cutting Method - M 
Gear Type ■ CtNERATK» 
Face width in Percent of 

Cone Distance " 16.756 
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TABLE XXXI   - Continued 

Pinion Gear 

Theoretical Cutter Radius, 
Inches 9.ÜÜÜ - 

Cutter Radius,   Inches 9.Ü00 . 
Calc.  Gear Finish Pt. Width, 

Inches . O.LOU 
Gear Finishing Point Width, 

Inches - 0.100 
Roughing Point Width,   Inches 
Outer Slot Width,   Inches 

Ü.Ü5Ü 0.090 
Ü.059 0.100 

Mean Slot Width,   Inches 0.063 0.100 
Inner Slot Width,   Inches 0.05« 0.100 
Finishing Cutter Blade Point, 

Inches 0.040 0.065 
Stock Allowance,   Inches D.OOÖ 0.010 
Max. Radius-Cutter Blades, 

Inches 0.039 0.070 
Max. Radlus-Mutllatlon.   Inches 0.050 0.081 
Max. Radius-Interference, 

Inches 0.018 0.023 
Cutter Edge Radius.   Inches 0.010 0.010 
Calc. Cutter Number 0 1 
Max. No.  BladM  In Cutter 19.259 . 
Cutter Blades Required srn. o.;i'i-:i Srii.   DEPTH 
Duplex Sum of Dedendum Angle, 

degrees 
Roughing Radial,   Inches 

1.004 - 
15.397 - 

Geometry Fac*or-Strength-J 0.1*311 0.U398 
Strength Factor-0 0.706 0.258 
Factor 0.7263   MN . 
Strength Balance Desired SIRS . 
Strength Balance Obtained TPLI) 0.020 
Geometry Factor-DurabI 11ty-l 0.1195 - 
Ourablllty Factor-Z 629 38U 
Geometry Factor-Scorlng-G 0.ÜOO377 - 
Scoring Factor-* 0.0335 - 
Profile Sliding Factor 0.00312» 0.00 3893 
Root Line Fac* width 2.750 2.750 
Axial Factor-Driver Cw 0.07»  OUT 0.020 OUT 
Axial Factor-Drlver CCw 0.021   IN 0.037  0U1 
Separating Factor-Driver Cw 0.062   SO' 0.031   SEP 
Separatlitg Factor-Driver CCw 0.097  SO* 0.005   ATf 
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TABLE XXXII. TAIL  ROTOR DRIVE SPIRAL  BEVEL GEARS, 
k600  HP?   1200,   3000,   AND 6000 TBO 

Pinion Gear 

Number of Teeth 
Diametral Pitch 
Face Width, Inches 
Pressure Angle, degrees 
Shaft Angle, degrees 
Transverse Contact Ratio 
Face Contact Ratio 
Modified Contact Ratio 
Outer Co'ie Distance, Inches 
Mean Cone Distance, Inches 
Circular Pitch, inches 
Working Depth, Inches 
Whole Depth, Inches 
Clearance, Inches 
Pitch Diameter, Inches 
Addendum, Inches 
Dedendum, Inches 
Outside Diameter, Inches 
Pitch Apex to Crown, Inches 
CIrcular Thickness, Inches 
Mean Normal Top Lond, Inches 
Outer Normal Top Land, Inches 
Inner Normal Top Land, Inches 
Pitch Angle, degrees 
Face Angle of Blank, degrees 
Root Angle, degrees 
Dedendum Angle, degrees 
Outer Spiral Angle, degrees 
Mean Spiral Angle, degrees 
Inner Spiral Angle, degrees 
Hand of Spiral 
Driving Member 
Direction of Rotation 
Backlash, Inches 
Tooth Taper 
Cutting Method 
Gear Type 
Face width in Percent of 

Cone Distance 

106 231 
8.856 _ 
Ü.70Ü 0.700 
22.500 - 
90.000 - 
- 1.702 
- 0.327 
- 1.733 
- 1U.350 
- 1U.0Ü0 
Ü.355 - 
0.226 . 
Ü.2U9 0.2U9 
0.023 0.023 
11.969 26.08U 
0.15U 0.072 
Ü.095 0.0177 
12.2U9 26.1^ 
12.978 5.919 
0.233 0.100 
0.101 Ü.0U1 
0.101 0.036 
0.101 Ü.03<« 
2k.61*') 65.351 
25.356 65.731 
2i«.269 6lt.6k3 
0.380 0.707 
- 11.200 
- 9.190 
- 7.U7 
LH RH 
GEAR - 
ccw - 
Ü.007  MIS 0.012  M1N 

. SB 
- GENERATE 0 

U.07H 

IM) 
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TABLE XXXII - Continued 

Pinion Gear 

Theoretical Cutter Radius, 
Inches 9.ÜÜ0 . 

Cutter Radius,  Inches 9. OCX) _ 
Calc. Gear Finish Pt. Width, 

Inches _ 0.100 
Gear Finishing Point Width, 

Inches _ 0.100 
Roughing Point Width,   Inches 
Outer Slot Width,   Inches 

0.025 0.090 
0.030 0.100 

Mean Slot Width,  Inches 0.029 0.100 
Inner Slot Width,   Inches 0.028 0.100 
Finishing Cutter Blade Point, 

Inches 0.020 0.065 
Stock Allowance,   Inches 0.003 0.010 
Max. Radius-Cutter Blades, 

Inches 0.012 0.070 
Max. Radlus-Mutllatlon.   Inches 0.029 0.081 
Max. Radlus-Interference, 

Inches 0.015 0.021 
Cutter Edge Radius,   Inches 0.010 0.010 
Calc. Cutter Number 0 0 
Max. No.  Blades  In Cutter 7«*.577 - 
Cutter Blades Required STD.   DLPTM STD.   DEPTH 
Duplex Sum of Dedsndum Angle, 

degrees 
Roughing Radial,   Inches 15.386 : 
Geometry Factor-Strength-J 0.i4857 0.3000 
Strength Factor-0 2.523 1.875 
Factor 1.15UÜ . 
Strength Balance Desired G1VN - 
Strength Balance Obtained C1VN 0.619 
Geometry Factor-DurabiIity-1 Ü.13U0 - 
Durability Factor-Z 1091 739 
Geometry Factor-Scorlng-G 0.UUO3U - 
Scoring Factor-X 0.0599 • 
Profile Sliding Factor 0.003^99 Ü.003738 
Root Line Face width o./uo Ü.700 
Axial Factor-Driver cw 0.055 our 0.025   OIT 
Axial Factor-Driver CCw 0.005 OUT O.035  OUT 
Separating Factor-Driver Cw 0.05«*  SEP O.025 SEP 
Separating Factor-Driver CCw 0.077   SEP 0.002 SEP 
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APPENDIX II 
FUNCTIONAL GEAR DATA 

The functional spur ge 
IX, XII, and XIV are s 
through 57. Each spur 
load, and the resulting 
graphically as a funct 
first point of contact 
gear profile modificat 
tions are represented 

ar data shown in Tables  II,   IV,  VII, 
hown in graphic form in Figures  18 
gear was analyzed at 100% transmitted 
operational characteristics  are  shown 

ton of driving gear angle of roll  from 
to last  point of contact.     Effects of 

ion and  predicted gear tooth deflec- 
in  the charts. 
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Figure  21.    Shear Stress  Diagram,  Twin 500  Iff-, 
L200-Hour TBO,   Sun-Planet Mesh. 
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Figure 33. Shear Stress  Diagram,  Twin  1500 HP, 
1200-Hour  TBO,  Lower Ring-Plnnet Mesh. 
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Figure  50.     Flash Temperature  Rise and Load  Diagram, 
Twin 4800 HP,   1200-Hour TBO,   Upper Sun- 
Planet Mesh. 
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